ISSN 0003-2999 
Volume 72, Number 3, March 1991 


Journal of the International Anesthesia Research Society 
Oldest Publication in the Specialty—Established 1922 





In neuromuscular blockade 


Norcuron 


(vecuronium bromide) for injection 
Minimizes 
the variables 


V Cardiovascular stability, even in elderly patients, 
and in patients with cardiovascular disease’? 





V NORCURON' requires no dosage adjustments to 
avoid histamine release 


V May be used safely in patients with renal impair- 
ment, and in patients with mild to moderate hepatic 
impairment’ ‘ 





As with all drugs in this class, NORCURON* 
should be administered by adequately trained 
a ee individuals familiar with its actions, characteristics 
aa ae and hazards. 


See following page for brief summary of prescribing information. 
















Norcuron 


(vecuronium bromide) for injection 


<: Belore prescribing, please consult complete product information, a summary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH [TS 
ACTIONS, CHARACTERISTICS, AND HAZARDS. 








CONTRAINDICATIONS: Norcuron® is contraindicated in patients known to have a hypersensitivity to st 
i WARNINGS: NORCURON®* SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVI- 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
IGHT OCCUR FOLLOWING ITS USE. THE ORUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION. 
RTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE THE CLINICIAN 
IMUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. in patients who are known to have myasthenia gravis or the 
asthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may have profound effects in such patients, a peripheral 
ive stimulator and use of a smali test dose may be of value in monitoring the response to administration of muscle 
laxants. 
PRECAUTIONS: General: Limited data on histamine assay and available clinical experience indicate that hypersensitivity 
feactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly associated 
ith histamine release are unlikely to occur. 

nal Failure: Norcuron® is well tolerated without clinically significant prolongation of neuromuscular blocking effect in 

ients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in anephric 

ents some prolongation of neuromuscular blockade may occur, therefore, if anephric patients cannot be prepared for non- 

ive Surgery, a lower initial dase of Norcuron® should be considered 
Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age. edematous 
+s resulting in increased volume of distribution may contribute to a delay in onset time, therefore dosage should not be 
ased. 
Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping 
he role the liver piays in Norcuron® metabolism and excretion. Data currently available do not permit dosage 
mendations in patients with impaired liver function. 
„term Use in 1.C.U.: In the intensive care unit, in rare cases, long-term use of neuromuscular blocking drugs to facilitate 
hanical ventilation may be associated with prolonged paralysis and/or skeletal muscle weakness that may be first noted 
during attempts to wean such patients from the ventilator. Typically, such patients receive other drugs such as broad spectrum 
antibiotics. narcotics and/or steroids and may have electrolyte imbalance and diseases which lead to electrolyte imbalance. 
hypoxic episodes of varying duration, acid-base imbalance and extreme debilitation, any of which may enhance the actions of 
a neuromuscular blocking agent. Additionally, patients immobilized for extended periods frequently develop symptoms 
consistent with disuse muscle atrophy Therefore. when there is a need tor long-term mechanical ventilation, the benefits-to- 
risk ratio of neuromuscular blockade must be considered, Continuous infusion or intermittent bolus dosing 10 support 
mechanical ventilation has not been studied sufficiently to support dosage recommendations 

UNDER THE ABOVE CONDITIONS, APPROPRIATE MONITORING, SUCH AS USE OF A PERIPHERAL NERVE STIM- 
ULATOR, TO ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE. MAY PRECLUDE INADVERTENT EXCESS DOSING 
Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway andor 
yemialory problems requiring special care before, during and after the use of neuromuscular blocking agents such as 

jorcuron” 
val Hyperthermia: Many drugs used in anesthetic practice are suspected of being capabie of triggering a potentially 
al hypermetabolism of skeletal muscle known as malignant hyperthermia, There are insufficient data denved from screening 
susceptible animals (swine) to establish whether of not Norcuron” is capable of triggering malignant hyperthermia 
€.N.$.; Norcuron® has no known effect on consciousness, the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia or sedation 
: Prior administration of succinylcholine may enhance the neuromuscular blocking effect of Norcuron® 
(vecuronium bromide) for injection and its duration of action. If succinyicholine is used before Norcuron®. the administration 
of Norcuron® shouid be delayed unti the succinyichotine effect shows signs of wearing off, With succinyichaline as the 
intubatin net initial doses of 0.04-0.06 mg;kg of Norcuron* may be administered to produce complete neuromuscular 
block with clinical duration of action of 25-30 minutes. The use of Norcuron™ before succinyicholine, in order to attenuate 
some of the side effects of succinyicholine, has not been sufficiently studied. 
Other nondepolarizing neuromuscular blocking agents act in the same fashion as does Norcuron™. therefore these drugs 
and Norcuron® may manifest an additive effect when used together. There are insufficient data to support concomitant use 
of Norcuron® and other competitive muscle relaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics with Norcuron® will enhance neuromuscular blockade 
Potentiation is most prominent with use of enflurane and isoflurane. With the above agents the initial dose of Norcuron* may 
be the same as with balanced anesthesia unless the inhalational anesthetic has been administered tor a sufficient time at a 
sufficient dose to have reached clinical equilibrium 
Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensify or produce neu- 
romuscular block on their own, The following antibiotics have been associated with various degrees ot paralysis: ami- 
noglycosides (such as neomycin, streptomycin, kanamycin, gentamicin, and dihydrostreptomycin}. tetracyclines: bacitracin. 
polymyxin B; colistin; and sodium colistimethate. 
Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggest that recurrent 
paralysis may occur This possibility must aiso be considered for Norcuron™. Norcuron” induced neuromuscular blockade 
has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat), Electrolyte imbalance and 
diseases which lead to electrolyte imbalance. such as adrenal cortical insufficiency, have been shown to alter neuromuscular 
blockade. Qepending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, 
administered for the management of toxemia of pregnancy, may enhance the neuromuscular blockade 
Drug'laboratory test interactions: None known 
Carcinogenesis, Mutagenesis, Impairment of Fertility: Long-term studies in anumals have not been performed to evaluate 
carcinogenic or mutagenic potential or impairment of fertility, 
Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron“. Noscuron* 
should be given to a pregnant woman only if clearly needed 
Pediatric Use: infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia. are moderately 
more sensitive to Norcuron® on a mg/kg basis than adults and take about 1¥2 times as long to recover. Information presently 
available does not permit recommendations for usage in neonates 
ADVERSE REACTIONS: Norcuron® was well tolerated and produced no adverse reactions during extensive clinical trials, The 
most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extension of the drug's 
pharmacological acton beyond the time period needed. This may vary from skeletal muscle weakness to profound and 
prolonged skeletal muscle paralysis resulting in respiration insufficiency or apnea 

Inadequate reversal of the neuromuscular blockade is possible with Norcuran” as with all curaritorm drugs These 
adverse reactions ara managed by manual or mechanical ventilation unti recovery is judged adequate. Little or no increase 
in intensity of blockade or duration of action of Norcuron™ is noted from the use of thobarbiturates, narcotic analgesics, 
nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which also cause 
respiratory depression 
Prolonged paralysis and/or skeletal muscie weakness have been reported after iong-term use to support mechanical 

ventilation in the intensive care unit. (see PRECAUTIONS). 

Bronchospasm, flushing, redness. hypotension and tachycardia have been reported in very rare instances 
OVERDOSAGE: The possibility of iatrogenic overdosage can be minimized by carefully monitoring muscle twitch response to 
peripheral nerve stimulation 

Excessive doses of Norcuran® produce enhanced pharmacological effects. Residual neuromuscular biockage beyond the 
time period needed may occur with Norcuron® as with other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume, or apnea. A penpheral nerve stimulator may be used to 
assess the degree of residual neuromuscular blockade from other causes of decreased respiratory reserve 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
guch as narcotics. thiobarbiturates and other central nervous system depressants. Under such circumstances, the pnmary 
treatment is maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® {pyridostigmine bromide) injection, neostigmine, or edrophonwum. in conjunction with 
atropine or glycopyrrolate will usually antagonize the skeletal muscle relaxant action of Norcuron™. Satisfactory reversal 
can be judged by adequacy of skeletal muscle tone and by adequacy of respiration. A peripheral nerve stimulator may also 
be used to monitor restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of 
‘extreme cebifitation. carcinomatosis, and with concomitant use of certain broad spectrum antibiabcs. or anesthetic agents 
and other drugs which enhance neuromuscular blockade or cause respiratory depression of the own Under such 

. Giumstances the management is the same as that of prolonged neuromuscular blockade 
DOSAGE AND ADMINISTRATION: Before prescribing, please consult complete product informaton. Norcuron” (vecuronium 
bromide) for injection is for intravenous use only. This drug should be administered by or under the supervision of 
experienced climcians familiar with the use of neuromuscular blocking agents. Dosage must be individualized in each case 
The dosage information which follows ts derived from studies based upon units of drug per unit of body weight and is 
intended to serve as a guide only, especially regarding enhancement of neuromuscular blockade of Norcuror” by volatile 
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sedi and bY pnor use of suceinyičholine {see PRECAUTIONS Drug Interactions}. Parenteral drug'products should be 
Lae visually for particulate matter and discoloration prior to administration whenever solution and container permit. 

o obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage. the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDgg! given as an intravenous 
bolus injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 to 3 
minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 
minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of 
control achieved approximately 45-65 minutes after injection. in the presence of potent inhalation anesthetics, the 
neuromuscular blocking effect of Norcuron™ is enhanced. ff Norcuron® is first administered more than 5 minutes after the 
start of inhalation agent or when steady state has been achieved, the :nitial Norcuron* dose may be reduced by 
approximately 15%. i.e , 0 060 to 0.085 mgg 

Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron®. H intubation is performed using succinylcholine, a reduction of initial dose of Norcuron® to 0.04-0.08 mg/kg 
with inhalation anesthesia and 0 05-0.06 mg’kg with balanced anesthesia may be required 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
clinical criteria should be used to determine the need for maintenance doses. Since Norcuron lacks clinically important 
cumulative effects, subsequent maintenance doses. if required. may be administered at relatively regular intervals for each 
patient. ranging approximately trom 12 to 15 minutes under balanced anesthesia, slightly longer under inhalation agents. (If 
less frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients. initial doses ranging from 0.15 mg/kg up 
to 0.28 mg/kg have been administered during surgery under halothane anesthesia without ill effects to the cardiovascular 
system being noted as long as ventilation is properly maintained 
Use by Continuous infusion: After an intubating dose of 80-100 pg/kg, a continuous infusion of 1 wg/kg/min can be initiated 
approximately 20-40 min later. infusion of Norcuron® should be initiated only after early evidence of spontaneous recovery 
from the bolus dose. Long-term intravenous infusion to support mechanical ventilation in the intensive care unit has not been 
studied sufficiently to support dosage recommendations. (see PRECAUTIONS) 
he infusion of Norcuran™ should be individualized tor each patient. The rate of administration should be adjusted 
according to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate of 1 wg/kg/min is 
recommended, with the rate of the infusion adjusted thereafter to maintain a 90% suppression of twitch response. Average 
infusion rates may range from 0.8 to 1.2 pg/kgmin 
inhalation anesthetics, particularly enflurane and isoflurane, may enhance the neuromuscular blocking action of non- 
depolarizing muscle relaxants. In the presence of steady-state concentrations of enfiurane or isotlurane, it may be 
necessary to reduce the rate of infusion 25-60 percent. 45-60 min after the intubating dose. Under halothane anesthesia it 
may not be necessary to reduce the rate of infusion 
Spontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuron® infusion may be 
pected to proceed at rates comparable to that following a single bolus dose. 
infusion solutions of Norcuron® can be prepared by mixing Norcuron® with an appropriate infusion solution such as 5% 
glucose in water, 0.9% NaCl. 5% glucose in saline, or Lactated Ringers. Unused portions of infusion solutions should be 
discarded. 
infusion rates of Norcuron* can be individualized for each patient using the following table 
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Drug Delivery Rate Intusion Delivery Rate 








min} (mLkgimin} 

(wg'kgem 0.1 mgmt" mLkgimin 0.2 mgmt 
07 0.007 0.0035 
08 0.008 0.0040 
09 0.009 0.0045 
10 0.010 0.0050 
11 0.011 0.0055 
1.2 0.012 0.0060 
13 0.013 0.0065 





“10 mg of Norcuron* in 100 mL solution 
t20 mg of Norcuron” in 100 mL solution 


The following table is a guideline for mLimin delivery for a solution of 0.1 mg/ml (10 mg in 100 mL) with an infusion pump. 
NORCURON” INFUSION RATE — mLMIN 











Amount of Drug Patient Weight - kg 
pg/kgimin 40 50 60 70 80 90 100 
07 0.28 0.35 0 42 0.49 0.56 0.63 0.70 
0.8 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
09 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
1.0 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
11 0.44 0.55 0.66 0.77 0.88 6.99 4.19 
1.2 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
13 062 0.65 0.78 0.94 1.04 1.17 1.30 





NOTE: if a concentration of 0.2 moimi. is used (20 mg in 100 mL), the rate should be decreased by one-half 


Dosage in Children: Oider children (10 to 17 years of age) have approximately the same dosage requirements (mg/kg) as 
adults and may be managed the same way. Younger children (t to 10 years of age) may require a slightly higher initial dose 
and may also require supplementation slight'y more often than adults. Infants under one year of age but older than 7 weeks 
are moderately more sensitive to Norcuron” on a mg/kg basis than adults and take about 1¥2 times as long to recover. See 
also subsection of PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on 
usage in neonates (see PRECAUTIONS). There are insufficient data concerning continuous infusion of vecuronium in children, 
therefore. no dosing recommendation can be made 
COMPATIBILITY: Norcuran® is compatible in solution with 
0.9% Nati solution 
5% glucose in water 
Sterile water for imection 
Use within 24 hours of mixing with the above solutions 
Parenteral drug products should be inspected visually for particulate matter and discoloration prior to administration 
whenever solution and container permit 
STORAGE: 15-30°C (59-86°F). Protect from fight. 
AFTER RECONSTITUTION: 
e When reconstituted with supplied bacteriostatic water for injection: CONTAINS BENZYL ALCOHOL. WHICH 1S NOT 
INTENDED FOR USE IN NEWBORNS. Use within 5 days May be stored at room temperature or refrigerated. 
© When reconstituted with sterile water for injection or other compatible | V. solutions: Refrigerate vial. Use within 24 hours. 
Single use only. Discard unused portion REV. 3/89 


5% glucose in saline 
Lactated Ringers 
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THE FUTURE IS HERE TODAY! | 


The Most Powerful 
Critical Care Syringe 
Infusion Pump Available. 


= Automatically programs the 
syringe size 

a Microprocessor calibrated 
occlusion alarm 

a Uses all syringe sizes 
(1ml-60ml) 

a Programmable volume limit 
with KVO feature 


a Total accumulated volume 
readout 


a Back lit display for easy 
night reading 
a Small and lightweight 


a Blood, Lipid, Antibiotic and 
other drug infusions 


nn medfusion inc 


` A medex inc company 


3450 River Green Court 
Duluth, Georgia 30136, (USA) 
404-623-9809 800-358-6019 . 
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¢ SHORTE 
SURGICAL 
PROCEDURES 


THE ALFENTA 
ADVANTAGE 


“As with all potent oplolds, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing Is 
established and maintained. 
The duration and degree of 
respiratory depression and 
Increased alrway resistance 
usually Increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 





CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentanil 
hydrochloride equivalent to 500 pg per ml of alfentanil base for intravenous injection. The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper: 
sensitivity to the dru 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, particularly of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 pg/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods of 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to Vs of the 
full paralyzing dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 pg/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
agent when ALFENTA is used in rapidly administered anesthetic dosages (above 130 g/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA, It is essential that these 
facilities be fully equipped to handle all degrees of respirator depression 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE 
AREI THMIAS AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
INUOUSLY. 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining Supplementet doses. In obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined by 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients. 
In patients with compromised liver function and in geriatric patients, the plasma Clearance of ALFENTA may be 
reduced and postoperative recovery may be proongod Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
given to fluid replacement prior to induction iazepatn administered immediately prior to or in conjunction with 
high doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery, Bradycardia produced 
by ALFENTA may be treated with atropine. Sevare bradycardia and asystole have been successfully treated with 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
gent Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA infusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the Opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO, stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to CO». Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area 
Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 
Impaired Respiration: ALFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. 
Impaired Hepatic or Renal Function: in patients with liver or kidney dysfunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALEENTA 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbiturates 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory opression may be enhanced or 
proanged by these agents. In such cases of combined treatment, the dose of one or both agents should be reduced 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 
can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 
Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong recaen, 
Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human dose) produced no structural chromosome mutations or induction of mnan lethal 
mutations. The Ames Salmonela bahimuriom metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) fol lowing prolonged administration of 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 
Labor and Delivery; There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 


Ah kal 
Alfenta 


(alfentanil HCI) Injection 


For moment-to-moment 
control of stress responses 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation 


SHORT DURATION 


Results in quick recovery 
of consciousness* 


RAPID RECOVERY 


Postoperative respiratory 
depression is of short 
duration* 





Nursing Mothers: In one study of nine women under oing post-partum tubal ligation, Significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 pg/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle rigidity, 
are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed Tespialbty 
depression, Lila arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are based on disturbing and 
Nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, e.g., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 





ALFENTA Fentany! Thiopental Sodium Enflurane Halothane Saline Placebo" 
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Percent (N=785) (N=24 (N=66) (N=55) (N=18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 F 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Blurred Vision 2 2 0 0 0 0 





“From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one In 


healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
Postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abuse 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics No experience of 
overdosage with ALFENTA was reported during clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats. 73 2-73.6 mg/kg in mice, 71.8-81.9 mg/kg in guinea pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of respiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment of a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRA 10N: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body weight, physical status, underlying pathological condition, use of other druga and 
type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
Should be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F) 
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OF CO-INDUCTION 


Anesthetic Synergy 


VERSED first, followed by a 
second anesthetic 


When given first, a small dose of VERSED” (midazolam 
HCl/Roche) may lower the induction EDs of barbiturates 
or narcotics up to 75%."* This synergistic effect appears 
to result from a mutual enhancement of binding-site 
affinity." Clinically, co-induction may decrease toxicity 
and speed recovery.? VERSED can also abolish the 
excitatory effects and emergence phenomena associ- 
ated with some induction agents, and its potent amnes- 
tic effect may avoid breakthrough awareness at times 
when short-acting induction agents may be wearing off. 


e Allows lower doses of induction agents’* 
» A smooth induction?’ 
e Less risk of breakthrough awareness** 

= ʻ 


Dosing considerations 


As a standard precaution, prior to I.V. administration of 
VERSED in any dose, oxygen and resuscitative equipment 
should be immediately available. VERSED should be used as 
an induction agent only by persons trained in anesthesiology 
and who are familiar with all dosing and administration guide- 
lines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with 
limited pulmonary reserve. 

It is recommended that patients do not drive or operate haz- 
ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after 
anesthesia. The decision must be individualized. 


Please see summary of product information on following page. 
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Injectable VERSED is available in 
1 mg/mL and 5 mg mL strengths. 
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Four cases of cauda equina syndrome occurring after con- 
tinuous spinal anesthesia are reported. In all four cases, 
there was evidence of a focal sensory block and, to achieve 
adequate analgesia, a dose of local anesthetic was given that 
was greater than that usually administered with a single- 
injection technique. We postulate that the combination of 
maldistribution and a relatively high dose of local anesthetic 
resulted in neurotoxic injury. Suggestions that may reduce 


Continuous spinal anesthesia is a relatively old tech- 
nique that has potential advantages over both single- 
injection anesthesia and continuous epidural anes- 


thesia. Despite its long history, clear guidelines for - 


the safe administration of local anesthetics via an 
indwelling subarachnoid catheter remain to be estab- 
lished. We report four cases from three different 
institutions in which persistent neurologic deficits 
occurred after a continuous spinal anesthetic. 


Case 1 


A 68-yr-old man was scheduled for a transurethral 
resection of the prostate and a right recurrent in- 
guinal hernia repair. His medical history included 
hypertension, coronary artery disease, and renal cal- 
culi. Previous surgery included a right inguinal her- 
nia repair (performed with a field block), a coronary 
artery bypass graft, and an L3-4 laminectomy. Al- 
though he continued to have low back pain after the 
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the potential for neurotoxicity are discussed. Use of a lower 
concentration and a “ceiling” or maximum dose of local 
anesthetic to establish the block should be considered. If 
maldistribution of local anesthetic is suspected (as indicated 
by a focal sensory block), the use of maneuvers to increase 
the spread of local anesthetic is recommended. If such 
maneuvers prove unsuccessful, the technique should be 
abandoned. l 


Key Words: ANESTHETIC TECHNIQUES, SPINAL, 
CONTINUOUS. COMPLICATIONS, NguROLOGIC— 
cauda equina. ANESTHETICS, tocat—iidocaine, 
tetracaine. 


laminectomy, the pain was nonradicular and he had 
no neurologic deficit. Medications included meto- 
prolol, dipyridamole, and aspirin; the latter two had 
been discontinued before the present surgery. 

With the patient in a sitting position, a 22-gauge 
spinal needle was inserted at the L3-4 level, and a 
28-gauge catheter (CoSpan, Kendall Healthcare, 
Mansfield, Mass.) was advanced 3 cm into the sub- 
arachnoid space; no paresthesias were elicited during 
placement. The patient was turned to the supine 
horizontal position and a total of 150 mg of 5% 
lidocaine hydrochloride with 7.5% glucose (Astra 
Pharmaceutical, Westboro, Mass.) was administered 
in three divided doses over a 15-min period until 
sensory blockade to a T-8 level was achieved. An 
additional 25 mg of 5% lidocaine and 0.25 mg of 
preservative-free morphine (Duramorph, Elkins- 
Sinn, Cherry Hill, N.J.) were injected through the 
catheter 1 h later. The catheter was easily removed 
after the 3-h procedure. 

On the following day, the patient was noted to 
have a left S-1 to S-4 radiculopathy, which showed 
only minor improvement over the next several days. 
Computed tomography results were unremarkable. 
Initial neurologic assessment was that the deficit was 
secondary to patient positioning during surgery. 
However, as bowel and bladder dysfunction became 
apparent, a cauda equina syndrome was diagnosed. 
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Seven months postoperatively, the patient had to 
strain to urinate, was unable to have a spontaneous 
bowel movement, and was experiencing numbness 
of his penis, left testicle, anus, and left posterior thigh 
and buttock. 


Case 2 


A 45-yr-old woman was scheduled for a bilateral 
bunionectomy and wedge osteotomy. Her medical 
history included only an uncomplicated vaginal de- 
livery with epidural analgesia and a short regimen of 
ciprofloxacin for a recent urinary tract infection. With 
the patient in a right lateral decubitus position, a 
22-gauge spinal needle was inserted at the L3-4 
interspace and a 28-gauge catheter (CoSpan, Kendall 
Healthcare) was advanced 1 cm into the subarach- 
noid space. No paresthesias were elicited with either 
needle or catheter placement. Fifty milligrams of 5% 
lidocaine hydrochloride with 7.5% glucose (Astra 
Pharmaceutical) was administered, followed by an 
additional 50 mg of lidocaine with an “epinephrine 
wash” of the syringe, resulting in sensory blockade to 
T-6 sensory level and motor blockade to L1-2. During 
the 3.5-h procedure, an additional 200 mg of lidocaine 
in divided doses was administered through the cath- 
eter, primarily to treat tourniquet pain. The catheter 
was removed without difficulty at the end of the 
procedure. Four hours postoperatively, perineal 
numbness persisted and the patient was unable to 
void. Twelve days later, she still had hypesthesia and 
hypalgesia bilaterally in the S-3 to S-5 distribution. 
Anal sphincter tone was diminished and anal reflexes 
were absent. Lumbosacral spine films and lumbosa- 
cral magnetic resonance imaging results were within 
normal limits. Forty days postoperatively, the patient 
continued to be unable to void or defecate spontane- 
ously. There is slight recovery of anal wink. She can 
walk normally. 


Case 3 


A 56-yr-old man was scheduled for excision of a right 
saphenous neuroma. His medical history included a 
4-yr history of chronic pain along the medial and 
lateral aspect of the right ankle, which followed a 
fracture. Radiologic bone scan of the ankle was con- 
sistent with reflex sympathetic dystrophy. Several 
lumbar sympathetic blocks with local anesthetic 
(paravertebral approach) performed 4 mo before the 
present surgical procedure produced incomplete pain 
relief. His previous surgeries included an open reduc- 
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tion and internal fixation of the fractured right ankle, 
followed by hardware removal and a subsequent 
arthroscopic examination of the same ankle. All of 
these surgeries were performed with a spinal anes- 
thetic. 

With the patient in a right lateral decubitus posi- 
tion, a 22-gauge spinal needle was placed into the 
subarachnoid space at the L3-4 interspace on the 
second attempt, and a 28-gauge catheter (CoSpan, 
Kendall Healthcare) was advanced 4 cm into the 
space. The patient experienced a transient paresthe- 
sia in the left posterior thigh on advancing the cath- 
eter from 1 to 2 cm. A total of 110 mg of 5% lidocaine 
hydrochloride with 7.5% glucose (Astra Pharmaceu- 
tical) was administered in four separate doses over a 
20-min period with the patient in a supine horizontal 
position. The onset of sensory blockade began in the 
left leg but did not extend to the surgical site (right 
medial ankle), Consequently, two additional doses of 
25 mg were administered more rapidly with the 
patient in Trendelenburg position, and sensory 
blockade to the T-10 level was achieved. Surgery then 
proceeded uneventfully. An additional 30 mg was 
added during the hour-long procedure, and the cath- 
eter was removed without difficulty at the end of 
surgery. Later that evening, the patient complained 
of dribbling urine, and the next morning he was 
unable to empty his bladder. Neurologic examination 
found impaired sensation to pinprick in the perineal 
region. Magnetic resonance imaging results were 
within normal limits. Cystometrogram performed 8 
and 35 days postoperatively showed reduced sensa- 
tion of urgency. Electromyography was inconclusive 
but consistent with a cauda equina lesion. Ten 
months postoperatively, the patient still required 
intermittent urinary catheterization and rarely had a 
spontaneous bowel movement. 


Case 4 


A 67-yr-old man was scheduled for a femoral- 
posterior tibial artery bypass. His medical history 
included peripheral vascular disease, hypertension, 
and moderately severe chronic obstructive pulmo- 
nary disease; medications included theophylline, 
metaproterenol, beclomethasone, hydrochlorothia- 
zide-triamterene, aspirin, indomethacin, digoxin, 
and potassium supplements. Previous operations in- 
cluded a right and a left femoral-popliteal bypass. 
Both previous surgeries were performed with contin- 
uous spinal anesthesia, and the anesthetist was the 
same as in the present case. 

With the patient in a right lateral decubitus posi- 
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tion, an 18-gauge Tuohy needle was placed at the 
L3-4 interspace and a 20-gauge catheter (Perifix, Bur- 
ron, Bethlehem, Pa.) was inserted 2.5 cm into the 
subarachnoid space; no paresthesias were elicited 
during placement. The patient was turned to the 
supine horizontal position and a total of 20 mg of 1% 
tetracaine (Winthrop-Breon, New York, N.Y.), di- 
luted with an equal volume of 10% dextrose in water, 
was injected in three separate doses over a period of 
20 min; only a right sacral block developed. Noting 
that the expiration date of the tetracaine was that 
month, the anesthetist opened a different ampule 
(which had 3 yr remaining before expiration) and 
administered another 8 mg. Surgery proceeded 5 min 
later. An additional 9 mg of tetracaine was admin- 
istered over the next 2.5 h. At the end of surgery, 
0.25 mg of preservative-free morphine (Duramorph, 
Elkins-Sinn) was given through the catheter. The 
patient was moving his legs 3 h later in the recovery 
room and was monitored overnight in the surgical 
intensive care unit. The spinal catheter was removed 
the following morning. After the Foley catheter was 
removed, the patient could void only small amounts; 
2 days postoperatively the Foley catheter was rein- 
serted and 1200 mL of urine was obtained. The 
patient began to have episodes of fecal incontinence, 
noticed that he was unable to feel the Foley catheter, 
and complained of dysesthesias in the perineal area. 
Neurologic assessment confirmed a sensory deficit to 
pinprick and vibration in the S-3 to S-5 distribution 
bilaterally with preservation of position sense. Poor 
rectal sphincter tone was also noted. Computed to- 
mography was unremarkable. Electromyography 
showed extensive changes consistent with denerva- 
tion in all the nerve roots tested; that is, abnormal 
spontaneous activity, increased polyphasic morphol- 
ogy, and decreased recruitment of motor units in 
lumbar and sacral nerve roots from L-2 to S-4. Al- 
though there was some progression from anesthesia 
to dysesthesias in the perineal area in the initial 2 wk 
after surgery, no further recovery took place. Thirty- 
one months postoperatively, the patient required 
self-catheterization and was unable to have a bowel 
movement spontaneously. 


Discussion 

Serious neurologic complications rarely occur after 
spinal anesthesia (1-4). When they do, the logical 
first step is to distinguish whether the deficit is or is 
not directly related to the anesthetic procedure (5,6). 
The sacral location and multiple root involvement 
that occurred in these four cases make it extremely 


unlikely that patient positioning and/or the surgical 
procedure were the underlying causes. It is interest- 
ing, however, that initial neurologic assessment of 
the first case attributed the injury to patient position- 
ing; it was only when the extent of anal sphincter and 
bladder dysfunction were appreciated that connec- 
tion to the anesthetic procedure was considered. 

Delays in diagnosis also occurred in cases 3 and 4 
for a different reason: in both, urinary dysfunction 
was not initially perceived as an unusual postopera- 
tive complication. Normal ambulation and lack of 
complaints about bowel function (the initial presen- 
tation was constipation) in these two older men 
resulted in their complaints being overlooked for 1 
and 2 wk, respectively. 

In all four cases, a cauda equina syndrome was 
ultimately diagnosed. This syndrome is characterized 
by varying degrees of urinary and fecal incontinence, 
sensory loss in the perineal area, and motor weak- 
ness in the legs (3). The potential causes include 
direct or indirect trauma, ischemia, infection, and 
neurotoxic reaction. Direct needle-induced trauma to 
the spinal cord during lumbar puncture rarely has 
long-lasting neurologic sequelae (7). Such cases are 
generally associated with paresthesias at the time of 
lumbar puncture followed by persistent back or leg 
pain, continuing paresthesias, and/or numbness of 
the feet or legs, usually localized to one side of the 
body (7,8). The passage of a catheter into the sub- 
arachnoid space may pose an additional risk. In a 
comparative study of single-dose and continuous 
spinal anesthesia performed with a ureteral catheter, 
a higher incidence of paresthesias and blood taps 
occurred with the continuous technique (9). How- 
ever, catheters have been passed as far as 35 cm 
within the subarachnoid space without ill effect (10). 
In the present cases, catheter placement was not 
associated with obvious trauma; in only one case was 
a mild transient paresthesia noted. Intraneural injec- 
tion, another type of traumatic injury, is usually 
preceded by paresthesia and persistent pain during 
injection, neither of which occurred in the present 
cases (11). Most significantly, the neuropathology 
occurring in these cases would be difficult to explain 
by a single direct traumatic event. Trauma to nerve 
tissue may also result indirectly from an expanding 
epidural hematoma. The clinical findings and diag- 
nostic studies were not consistent with such an 
etiology. In all four cases, magnetic resonance imag- 
ing and/or computed tomography studies showed no 
evidence of trauma, hematoma, or spinal cord com- 
pression. 

Spinal cord ischemia may arise from global hypo- 
perfusion or localized ischemia. However, these pa- 


tients remained hemodynamically stable, and the 
neurologic findings in these cases are inconsistent 
with the specific patterns of injury characteristic of 
localized ischemia (e.g., the anterior spinal artery 
syndrome [12)). 

Infection is extremely unlikely as a cause, given 
the absence of associated symptoms and the imme- 
diate onset and lack of progression of the neurologic 
deficits. Neurotoxic reactions, which may be imme- 
diate or delayed, can occur when contaminants are 
present or when the wrong substance is unintention- 
ally injected. In the past, cases of chemical meningi- 
tis, arachnoiditis, and cauda equina syndrome have 
resulted from trace amounts of detergents used to 
clean needles and syringes and from contamination 
of local anesthetic ampules with alcohol or phenol 
used during sterilization (13,14). The routine use of 
disposable syringes and needles and of high-quality 
heat-sterilized local anesthetics has virtually elimi- 
nated this risk (7). 

A direct neurotoxic effect of local anesthetic is a 
possible cause of the observed deficits. In the past, 
deficits have occurred after spinal anesthesia as a 
result of excessive anesthetic concentrations and cer- 
tain local anesthetic formulations (3). In 1937, Fergu- 
son and Watkins described 14 cases of cauda equina 
syndrome after the use of “heavy” Durocaine, a 
mixture of 10% procaine in 15% ethanol, glycerine, 
and gum acacia or gliadin (15). The cause of the injury 
was thought to be the vehicle components until it was 
shown that, in cats, the intrathecal administration of 
10% procaine alone could produce similar deficits 
(16). In general, the authors’ description of the neu- 
rologic deficits was similar to those that occurred in 
the present cases. 

Whether currently used concentrations of local 
anesthetics have the potential to produce similar 
injuries is controversial. Recent reviews of local an- 
esthetic tissue toxicity mention the rarity of nerve 
damage when local anesthetics are administered at 
usual clinical concentrations (17-20). In some animal 
models, the concentrations of various local anesthet- 
ics required to produce irreversible conduction block- 
ade or permanent histologic changes exceed clinically 
administered concentrations of these agents 
(17,21,22). In rabbits, persistent functional deficits 
were observed only with the intrathecal injection of 
8%, not 4%, lidocaine (23). Similarly, intrathecal 
injection of commonly used local anesthetic solutions 
in dogs via indwelling subarachnoid catheters, in- 
cluding 5% lidocaine and 0.5% tetracaine, produced 
no prolonged deficits or histologic changes (24). A 
series of studies was published in the 1980s after 
several reports of permanent neurologic deficits fol- 
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lowing inadvertent subarachnoid injection of epidu- 
ral dosages of 2-chloroprocaine (25,26). In an isolated 
rabbit vagus nerve preparation, 3% chloroprocaine, 
but not 2% lidocaine or 0.75% bupivacaine, produced 
conduction defects-and histologic damage (27). Initial 
studies indicated that the neurotoxic effect of chloro- 
procaine might be the result of its relatively low pH. 
However. later studies suggested that toxicity was 
related ta a combination of low pH and the presence 
of sodium bisulfite (28). The overall conclusion of 
many investigators was that chloroprocaine per se 
was not neurotoxic (17,18). 

In contrast, other animal studies have demon- 
strated the potential neurotoxicity of clinical concen- 
trations of local anesthetics. In rabbits, lesions of the 
cauda equina were observed in some animals after 
the intrathecal injection of 4% lidocaine; however, 
they were not consistently produced with concentra- 
tions less than 16% (23). In in situ rat sciatic nerve 
experiments, solutions of 3% chloroprocaine, 1% 
tetracaine, 2% lidocaine, or 0.75% bupivacaine ap- 
plied exteriorly to the epineurium have produced 
significant endoneurial edema (29). Electron micros- 
copy of these preparations revealed abnormal mast 
cells, Schwann cell injury, and axonal dystrophy. 
Further studies by the same investigators found that 
histologic evidence of nerve injury correlated well 
with both anesthetic potency and concentration. For 
example, 0.5 mL of 10% procaine produced severe 
nerve injury, whereas 1 mL of 5% procaine did not 
(30). On the other hand, repeated administration of 
0.5% bupivacaine to rat sciatic nerve was not associ- 
ated with histologic changes, but significantly de- 
creased the amplitude of evoked action potentials 
(31). 

Perhaps less well known is the potential for clinical 
concentrations of all local anesthetics to produce 
neurologic sequelae if administered intrathecally in 
relatively large doses. Permanent neurologic deficits 
have been produced in sheep by subarachnoid ad- 
ministration of large (epidural) doses of 3% 2-chloro- 
procaine, 0.75% bupivacaine, and 2% lidocaine (32). 
Duration of exposure of neural tissue to local anes- 
thetic may be another factor in the development of 
neurotoxicity. In rats, subarachnoid infusion of 0.5% 
bupivacaine, 1.5% lidocaine, and 2% 2-chloropro- 
caine resulted in neurotoxic injury attributable to 
duration of exposure, not to specific type of local 
anesthetic used (33). Although it is difficult to com- 
pare directly the results from different animal mod- 
els, local anesthetics do appear capable of inducing 
long-lasting structural and functional changes in neu- 
ral tissue when administered at a high enough dose 
or concentration. 
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In all four of the present cases, the amounts of 
local anesthetic administered were greater than those 
usually given with the single-injection technique. 
However, dosages of local anesthetic commonly used 
intraspinally are tailored to achieve an appropriate 
dermatomal level and duration, not to avoid neuro- 
toxicity. There are several reports of continuous spi- 
nal anesthesia in which dosages of local anesthetic 
greater than those used for single-injection spinal 
anesthesia have been administered without ill effect 
(34-36). In Lemmon and Paschal’s classic study of 
1000 cases, the largest dose given to any patient was 
2200 mg of procaine; this led them to conclude that 
“this would indicate an individual tolerance and 
points out, too, that the [correct] dose in any given 
case is enough” (34). Similarly, continuous intraspinal 
administration of 150-550 mg of hyperbaric 5% 
lidocaine hydrochloride (in dextrose) produced no 
adverse neurologic outcome; doses of lidocaine as 
high as 250 mg were used to establish the initial 
blockade (36). Continuous spinal anesthesia also has 
been administered for periods as long as 14 days 
without permanent neurologic sequelae (37). Inter- 
estingly, repeated injections of local anesthetic into 
the subarachnoid space have been associated with 
tachyphylaxis (38). 

Although high doses have been administered 
without ill effect, local anesthetic toxicity may have 
been responsible for the three cases of severe urinary 
retention (one persisted after discharge) described in 
Apgar’s series of 422 cases of continuous spinal 
anesthesia (39). Although she made no connection 
between this complication and dosage of local anes- 
thetic, the highest dose administered was 1700 mg of 
procaine. 

There is evidence that suggests that the neurotoxic 
potential of a local anesthetic might be unmasked if 
maldistribution occurs and if the drug were restricted 
to a small volume of cerebrospinal fluid (CSF). In 
1946, Nicholson and Eversole reviewed 21,000 tet- 
racaine spinal anesthetics that had been performed at 
the Lahey Clinic (16). Three cases of cauda equina 
syndrome were found, two with a continuous spinal 
technique. In one of these two, the patient received a 
total of 38 mg of tetracaine, yet the anesthetic level 
never went above the T-11 dermatome. After sur- 
gery, the patient was unable to move her legs. An 
obstruction at the 11th thoracic segment was diag- 
nosed. Subsequent laminectomy revealed metastatic 
carcinoma to the cord, dura, and vertebrae. The 
authors concluded that the spinal anesthetic had 
precipitated clinical manifestation of the patients’ 
underlying neurologic disease, but they recognized 
- the additional possibility that mechanical blockage 
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from the tumor could have restricted the spread of 
local anesthetic and thus resulted in a toxic concen- 
tration of local anesthetic. 

The focal nature of the sensory blockade in all four 
of the present cases suggests that intrathecal maldis- 
tribution of local anesthetic occurred. Several charac- 
teristics of catheters, particularly microcatheters, can 
permit maldistribution. In the supine position, the 
peak of the lumbar lordosis is generally at the third or 
fourth lumbar vertebra. If, in the supine horizontal 
position, the catheter tip is caudal to the peak of this 
curve, sacral accumulation of local anesthetic may 
occur, particularly if a hyperbaric solution is admin- 
istered. Evidence for this may be found in a study by 
Mörch et al. in which CSF concentrations of lidocaine 
were measured at 2-, 15-, and 30-min intervals after 
injection through an intrathecal catheter (36). The 
concentration of lidocaine in the CSF aspirated from a 
catheter, the tip of which lay in the sacral area, was 
almost nine times greater at 15 min than the mean 
concentration aspirated from other catheters with tips 
appropriately located in a cephalad position. (The 
former patient had a “low” block and required gen- 
eral anesthesia.) Unintentional sacral positioning of 
the tip of an intrathecal catheter may occur more 
frequently with a small catheter because the straight 
needle used for placement has less ability to control 
the catheter’s initial direction, and the catheter’s 
small size and flexibility may allow it to be easily 
deflected downward in the subarachnoid space. 

The rate of injection of local anesthetic solution 
through a catheter may also affect distribution. Be- 
cause of the higher resistance, the maximum rate of 
injection through a microcatheter is much lower than 
that through a larger “epidural” catheter and could 
contribute to nonuniform distribution of anesthetic 
(40). That is, the concentration of local anesthetic 
would not be evenly or rapidly diluted by the sur- 
rounding volume of CSF. In addition, the high resis- 
tance of the small catheter makes it more likely that a 
small syringe and, thus, a higher concentration of 
local anesthetic would be selected, adding to the 
potential for neurotoxicity. 

Of course, nonuniform distribution can occur with 
single-injection spinal anesthesia; it may well be the 
most common cause of a “failed spinal.” However, 
when maldistribution results in a “failed spinal,” 
anesthetists will usually either repeat the lumbar 
puncture or administer a general anesthetic. Unlike 
the repeated single-injection anesthetic, the presence 
of an indwelling catheter in a relatively fixed position 
allows an anesthetist to repeat the same mistake in a 
rather precise way, i.e., “the same spot on the fence 
may be painted again and again.” Although sufficient 
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amounts of local anesthetic may finally extend far 
enough to produce adequate anesthesia, this may 
occur only after anesthetic concentrations have 
reached neurotoxic levels in other areas of the sub- 
arachnoid space. 

In addition to toxicity from local anesthetic, there 
are other microenvironmental factors that could have 
been responsible for or contributed to the nerve 
damage that occurred. Repeated intrathecal adminis- 
tration of hyperbaric local anesthetic can lower the 
pH of CSF and increase its baricity and glucose 
concentration. It is interesting to note, however, that 
low pH has been postulated to contribute to the 
development of tachyphylaxis as well as to neurotox- 
icity (38,41). 

We have presented four patients who developed 
sacral root deficits after continuous spinal anesthesia. 
All four patients continue to have varying degrees of 
bladder and bowel atony, as well as perineal sensory 
deficits, although they are able to ambulate normally. 
Recognition of the link between anesthetic procedure 
and neurologic deficit was delayed in three of the 
four patients. 

It appears that the combination of maldistribution 
and a relatively high dose of local anesthetic exposed 
neural tissue to a toxic concentration of anesthetic. 
Thus, if maldistribution occurs, neurotoxicity can 
result even when local anesthetics are administered 
in normal clinical concentrations and at total dosages 
well below an inadvertent subarachnoid injection of 
an intended epidural dose. In addition, we believe 
that the use of a microcatheter is more likely to result 
in maldistribution. However, as the fourth case illus- 
trates, the use of a large catheter does not entirely 
eliminate this possibility. 

The clinical practice of using a spinal catheter to 
”titrate” the extent and profundity of anesthesia by 
incremental intrathecal injection of small amounts of 
local anesthetic may not always be safe. Although 
further research is needed, the following suggestions 
might reduce the potential for neurotoxicity: (a) a 
catheter should be inserted just far enough into the 
subarachnoid space to confirm and maintain place- 
ment; this may decrease the possibility of sacral 
accumulation of anesthetic; (b) the lowest effective 
concentration of local anesthetic should be selected; 
(c) after a test dose, the extent of blockade should be 
assessed, and if maldistribution of anesthetic is sus- 
pected, maneuvers such as changing patient posi- 
tion, altering the lumbosacral curvature, switching to 
a different baricity of local anesthetic, and/or manip- 
ulating catheter position should be used; and (d) if 
these maneuvers fail to correct the problem, the 
technique should be abandoned. 


RIGLER ET AL. 
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COHEN MM, CAMERON CB. Should you cancel the 
operation when a child has an upper respiratory tract 
infection? Anesth Analg 1991;72:282-8. 


Cancelling an operation when a child has an upper respi- 
ratory tract infection (URI) is not always feasible or 
practical. Yet we know very little about the additional risk 
posed by a URI occurring in a child undergoing anesthesia 
and surgery. Using a large prospectively collected pediatric 
anesthesia database, we studied 1283 children with a 
preoperative URI and 20,876 children without a URI. We 
found that children with a URI were two to seven times 
more likely to experience respiratory-related adverse events 
during the intraoperative, recovery room, and postoperative 
phases of their operative experience. Although these chil- 
dren also experienced significant disruptions in temperature 


Currently, many anesthesiologists consider post- 
poning an operation when a child is known to have 
an upper respiratory tract infection (URI) (1). How- 
ever, this is not always possible, especially when the 
family has traveled from a rural or remote area or if 
the case is an emergency. To determine if a URI is 
deleterious to the outcome of anesthesia and surgery, 
we used a large pediatric anesthesia database (n = 
29,220) to compare morbidity and mortality among 
children with and without a URI in the perioperative 
period. 
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regulation, they were not at risk for any other deleterious 
events. The elevation in risk after URI as compared with 
children without a URI was not explained by differences in 
age, physical status scores, surgical site, and emergency or 
elective status. However, if a child had a URI and had 
endotracheal anesthesia, the risk of a respiratory complica- 
tion increased 11-fold (95% confidence intervals 6.8, 18.1). 
We conclude that the administration of general anesthesia to 
children with a URI is not benign and that these children 
require more obseroation/management in all perioperative 
phases of their surgical procedure. 


Key Words: ANESTHESIA, PepiaTRic—respiratory 
infections. INFECTIONS, RESPIRATORY— 
preoperative. 


Methods 


The Anesthesia Follow-up Program at Winnipeg 
Children’s Hospital has been described previously 
(2). In brief, from 1982 onward, the pediatric anes- 
thesiologists at the hospital completed a specially 
designed anesthesia follow-up form for each case. 
The form contained information regarding age, pre- 
operative coexisting medical conditions, and the 
American Society of Anesthesiologists’ physical sta- 
tus score (3). There was no attempt to quantify the 
degree of the preexisting illness, only the presence or 
absence of the condition was noted. The preoperative 
medical conditions recorded by the anesthesiologist 
included upper respiratory problems; lower respira- 
tory conditions (asthma or cystic fibrosis); cardiovas- 
cular, musculoskeletal, metabolic (diabetes or thyroid 
disorders), or renal conditions; conditions chronically 
treated with medication (bronchodilators, anticonvul- 
sants); or “other” conditions (includes congenital, 
neurologic, and hematologic disorders). Consistent 
definitions of the variables were used throughout the 
study period (1982-1987). 

During the course of the operation, any intraoper- 
ative events requiring action on the part of the 
anesthesiologist were recorded on the same anesthe- 
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sia record. Selected adverse events that occurred 
during the immediate recovery period were added to 
the record by the recovery room nursing staff. Within 
72 h of the procedure, an anesthesia follow-up nurse 
or respiratory therapist reviewed all inpatient anes- 
thesia records for accuracy and completeness, and 
any events the anesthesiologist may have failed to 
document were added to the anesthesia follow-up 
record. The reviewer also examined the patient's 
hospital chart and recorded any untoward events 
experienced by the patient recorded by nursing or 
medical staff. Whenever possible, an interview was 
carried out with the child or parents to learn of any 
problems with the anesthetic experience. The results 
of the interviews and chart reviews were added to the 
follow-up record. For outpatients, most parents were 
phoned the day after the procedure to learn of any 
postoperative complaints. The completed follow-up 
form was then sent to the attending anesthesiologist 
for final review before data processing. Because the 
anesthesiologists’ billing card was incorporated into 
the anesthesia record and follow-up form requiring 
that both be filled out simultaneously, compliance 
with the follow-up program was excellent. 

To study possible adverse outcomes associated 
with a URI, we eliminated those children from the 
database who had preoperative medical conditions 
other than “upper respiratory.” To confirm that only 
children with URIs remained after these exclusions, 
from the database (n = 29,220) we identified all cases 
in which preoperative medical conditions included an 
upper respiratory airway problem (n = 1724). From 
these cases, one of us (C.B.C.) reviewed 100 ran- 
domly selected hospital charts (that is those marked 
“upper respiratory problem”). Of the 100 charts, four 
were unavailable, 53 were marked “upper respiratory 
problem,” and 43 were “upper respiratory problem” 
plus another medical condition. A further review of 
the 53 cases of interest to us found that only four did 
not meet our criteria, two having “stridor” and two 
“laryngeal web.” Thus the number of cases misclas- 
sified due to our methodology was extremely small 
and unlikely to affect the final results. 

There were 1283 cases of children having a URI 
and no other preoperative medical conditions who 
were the subject of this analysis. There was insuffi- 
cient information in the database to determine the 
timing of the URI in relationship to the date of 
surgery or whether the child was symptomatic. How- 
ever, it was departmental policy that children who 
had mucopurulent nasal secretions, an elevated 
white blood count, or positive chest findings did not 
proceed to the operating room. Therefore, the chil- 
dren with a URI included in the study had clear nasal 
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secretions and may have been febrile but had a clear 
chest on examination. 

At the hospital, there were six pediatric anesthesiol- 
ogists each year (nine individuals throughout the study 
period). The definition of a URI was based on depart- 
mental protocols that were discussed at staff meetings. 
Because of the rapid follow-up of children by the 
anesthesia reviewer, any deviations from the URI pro- 
tocol would have been immediately apparent. In addi- 
tion, using the database, we compared the proportion 
of URI cases by each individual anesthetist over the ` 
study period. The proportion of cases of URI per 
anesthetist varied from 4% to 8% with no one anesthe- 
siologist having a significantly higher or lower propor- 
tion of children diagnosed as having a URI. 

As a comparison group, we used the remaining 

children who did not have any preoperative medical 
conditions (n = 20,876). We compared the age, phys- 
ical status scores, and site of operation in children 
with and without a URI, and we determined the rate 
of intraoperative, recovery room, and postoperative 
adverse events between the two groups. The relative 
risk (and 95% confidence intervals) of having each 
adverse event was compared in children with a URI 
and children without a URI (4). Statistical significance 
was determined if the relative risk was greater than 
one and the 95% confidence intervals did not include 
unity. 
It may be that children with a URI differed from 
children without a URI with regard to age, physical 
status, site of operation, endotracheal intubation, 
inpatient status, or emergency status—differences 
that in themselves might be related to differences in 
perioperative respiratory problems in patients with 
and without a preoperative URI. To examine this 
possibility, the authors first defined a new outcome 
variable—any respiratory events. If patients had at 
least one finding of a respiratory-related complication 
in either the operative, recovery, or postoperative 
period, they were assessed as having “any respira- 
tory event.” Only patients whose charts were re- 
viewed by the nurse were included in this analysis 
(n = 17,036). Ta determine if having a URI was an 
independent risk factor for any respiratory event, we 
performed a multiple logistic regression (5) that con- 
trolled simultaneously for all the factors listed above. 
More details on the statistical analysis are given in the 
Appendix. 


Results 


Table 1 shows the ages, physical status scores, and 
site of operation in the two groups of children. 
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Table 1. Upper Respiratory Infection by Patient 
Characteristics 











URI No URI 
(n = 1,283) (n = 20,876) 
n % n Te 
Age 
Less than 1 mo 18 1.40 93 0.45 
1-12 mo 108 8.42 1,455 6.97 
1-5 yr 814 63.45 10,195 48.84 
6-10 yr 218 16.99 5,386 25.80 
11+ yr 125 9.74 3,747 17.95 
Physical status score 
I 743 57.91 20,156 96.55 
a 435 33.90 665 3.18 
HI 72 5.61 29 0.14 
IV 23 1.79 7 0.03 
V 6 0.47 1 0.0 


Site of operation 


Eye, ears, nose and throat 737 57.44 10,679 51.15 
Other head and neck 200 15.59 2,063 9.88 
Intraabdominal 27 2.10 1,021 4.89 
Extremities 75 5.85 3,592 17.21 
Endoscopy 114 8.89 572 2.74 
All other 130 10.13 2,949 14.13 





URI, upper respiratory infection. 


Children in the URI group were more likely to be in 
the 1-5-yr age range than the children without a URI. 
Having a URI made for a marked difference in the 
physical status score assigned preoperatively to the 
child (Table 1). Of the children without a URI, 96.6% 
were assessed as physical status I compared with 
only 57.9% of children with a URI. Children with a 
URI were more likely to have been undergoing a 
procedure involving the head and neck (including 
eye, ears, nose and throat) than children without a 
URI. 

Table 2 shows the rate of intraoperative, recovery 
room, and postoperative events in children with and 
without a URI. In each perioperative time period, 
children with a URI were at a significantly higher risk 
(two to sevenfold) for a respiratory-related event 
(P = 0.05). For example, children with a URI were 
4.53 times more likely to have an intraoperative 
problem with airway obstruction than children with- 
out a URI. Children in the study having a URI were 
not at risk for any adverse events other than respira- 
tory or temperature regulation and had a lower risk 
for vomiting in the recovery and postoperative peri- 
ods. 

We next examined the risk of adverse respiratory 
events in children with a URI by age group. Because 
of small numbers, children under 1 yr of age were 
grouped together. Table 3 presents the relative risk of 
having an adverse outcome in children with a URI as 
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compared to children without a URI by four age 
groups. There was an elevated risk in children of all 
ages, and no single age group was at a consistently 
higher risk than any other age group across the six 
respiratory-related outcomes. 

It is possible that the elevation in risk of respiratory 
adverse events may be explained by the possibility 
that children with URIs may be somehow different 
from children without URIs and that these differences 
may be responsible for the increased risk. Overall, 
6.6% of the 17,036 children whose charts were re- 
viewed had at least one respiratory-related event in 
the operating room, recovery room, or postoperative 
period. The results of the multiple logistic regression 
applied to the independent risk of having URI as 
compared to not having a URI are shown in Table 4. 
This table gives the relative odds of having a respira- 
tory complication controlling for all other factors in 
the table. For example, with the increasing age of a 
child, there was a decreased risk of having a respira- 
tory complication after controlling for differences in 
physical status score, inpatient status, year of opera- 
tion, site of operation, of having a URI, and of having 
had endotracheal anesthesia. 

Children with a URI were more likely to have 
undergone tracheal intubation than children without 
a URI (although this was related to their operative 
procedure rather than to the URI). Therefore, we 
included an interaction term in the analysis. We 
found that children who had a URI (but had not 
undergone intubation) were 8.94 times more likely to 
have an adverse respiratory event than children with- 
out a URI who had not undergone intubation. In 
contrast, in children who had undergone intubation 
(but did not have a URI), the risk was 5.21 times 
greater than in children without a URI who had not 
undergone intubation. For a small number of chil- 
dren who had undergone both intubation and had a 
URI (about 5% of the cases), the risk of an adverse 
respiratory event was extremely high (relative odds = 
11.13, 95% confidence intervals = 6.84, 18.10) com- 
pared with children without respiratory infections 
who had not undergone intubation. 


Discussion 


Three recent studies reported in the literature have 
looked at adverse respiratory events in children with 
and without a URI. Tait and Knight (6) carried out a 
retrospective survey of 3585 patients under 20 yr of 
age who had undergone various surgical procedures 
in 1982. Children were considered as having a symp- 
tomatic (3.4% of cases) or asymptomatic URI (3.7%) 
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Table 2. Perioperative Events by Upper Respiratory Infection Status 


No URI (n = 20,876) 


URI (n = 1,283) 
n % 
Intraoperative events 
None 1,119 87.21 
Vomiting 12 0.94 
Arrhythmia 83 6.47 
Hypotension 3 0.23 
Temperature regulation 2 0.16 
Cardiac arrest 0 
Airway obstruction 44 3.43 
Other respiratory 35 2.73 
Drug complication 2 0.16 
Surgical 3 0.23 
Death 0 
Recovery room events 
None 1,075 83.79 
Laryngospasm 28 2.18 
Vomiting 60 4.68 
Cardiovascular 0 
Temperature 12 0.94 
Airway obstruction 89 6.94 
Other respiratory 26 2.03 
Drug-related 1 0.08 
Surgical 14 1.09 
Postoperative events? 
Nausea and vomiting 193 19.67 
Sore throat 11 1.12 
Headache 8 0.82 
Croup 37 3.77 
Other respiratory 60 6.12 
Temperature 33 3.36 
Cardiovascular 3 0.31 
Surgical 22 2.24 
Other 14 1.43 
Death 0 


URI, upper respiratory infection. 
“P = 0.05 for compared to no-URI group. 


n % Relative risk (95% CI) 
19,278 92.35 0.94 (0.89, 1.00) 
131 0.63 1.49 (0.83, 2.67) 
1,081 5.18 1.25 (1.00, 1.56) 
26 0.12 1.88 (0.60, 5.83) 
10 0.05 3.25 (0.80, 13.21) 
5 0.02 2 
158 0.76 4.53 (3.25, 6.317 
157 0.75 3.64 (2.52, 5.227" 
49 0.23 0.66 (0.18, 2.48) 
70 0.34 0.70 (0.23, 2.09) 
1 an 
18,290 87.61 0.96 (0.90, 1.02) 
358 1.71 1.27 (0.87, 1.86) 
1,308 6.27 0.75 (0.58, 0.97)" 
38 0.18 = 
131 0.63 1.49 (0.83, 2.67) 
628 3.01 2.31 (1.85, 2.88)" 
111 0.53 3.83 (2.49, 5.827" 
34 0.16 0.50 (0.08, 2.77) 
265 1.27 0.86 (0.51, 1.46) 
4,175 26.00 0.76 (0.65, 0.87)" 
195 1.21 0.93 (0.51, 1.68) 
181 1.13 0.73 (0.36, 1.45) 
107 0.67 5.66 (3.90, 8.21) 
135 0.84 7.29 (5.37, 9.85)" 
251 1.56 2.15 (1.50, 3.09} 
29 0.18 1.69 (0.55, 5.23) 
284 1.77 1.26 (0.82, 1.95) 
259 1.61 0.89 (0.52, 1.50) 
1 0.01 = 


Rates per 100 charts reviewed. n = 981 for URI-only group, n = 16,055 for no-URI group. 


Table 3. Relative Risk of Respiratory Adverse Events for Children With Upper Respiratory Infection Versus No Upper 


Respiratory Infection by Age Group 


<1 yr 
OR airway obstruction 5.9 
OR other respiratory 1.4 
RR airway obstruction 9.7 
RR other respiratory 0.8 
Postoperative croup 27.6%" 
Postoperative other respiratory 2.7 


URI, upper respiratory infection; OR, operating room; RR, recovery room. 


“P < 0.05 for URI compared to no-URI group. 


Relacive risk 

1-5 yr 6-10 yr 11+ yr 
2.9 6.28” 7 
3.6" 6.22 4,5"? 
2.0" 1.1 2.0 
4.28 2.5° 5.0% 
4.0 1.1 15.0%? 
7.7 13.1% 5.7 


’Confidence intervals very wide due to small number of children in each category. 


based on information from chart reviews. Overall, 
1.65% of the children had at least one respiratory 
complication in the operating room, including laryn- 
gospasm, bronchospasm, stridor, and breath hold- 


ing. The rate of intraoperative respiratory events was 
5.31% in asymptomatic children, 1.61% in children 
with no URI, and 1.64% in children with sympto- 
matic URI. No age breakdowns were included in the 


COHEN AND CAMERON 


Table 4. Factors Predicting an Adverse Respiratory Event: Logistic Regression Results 


Factor Reference 
Age 
Physical status N-V Physical status I 
Inpatient Outpatient 
Yezr of operation: 
1984-1985 1982-1983 
1986-1987 1982-1983 
Head and neck Other surgical sites 
surgery” 
Elective Emergency 
URI No URI, not intubated 


No URI, intubated 
URI and intubated 


No URI, not intubated 
No URI, not intubated 


URI, upper respiratory infection. 


Relative odds 95% Confidence limits 
0.92 0.90, 0.93 
1.32 1.03, 1.69 
1.32 1.14, 1.53 
1.10 0.93, 1.29 
1.14 0.97, 1.35 
1.27 1.09, 1.48 
1.70 1.27, 2.28 
8.94 6.04, 13.22 
5.21 4.21, 6.46 

11.13 6.84, 18.10 


“Age was entered into the model as a continuous variable for patients 2 mo of age and older. 


‘Includes eye, ears, nose and throat, and “other head and neck” operations. 


study, and the authors found no relationship 
between physical status scores, intubation status, 
type of anesthetic, or site of operation and the risk 
of respiratory complications in children with a URI. 

Our rate of intraoperative respiratory adverse out- 
comes was approximately twice that reported by Tait 
and Knight (6). Because they ensured that documen- 
tation of respiratory complications was well- 
established in their hospital, it is unlikely that chart- 
ing would account for all the differences in outcome 
frequency. However, the magnitude of the increased 
risk in their study was about threefold, a finding that 
is similar to ours. One factor examined by Tait and 
Knight (6) was the potential effect of different anes- 
thetic drugs, a factor that we did not include in our 
analysis. However, in our hospital, virtually all chil- 
dren received similar medications (2), so we could not 
examine the contribution of anesthetic drugs to the 
risk of respiratory problems. 

We were also not able to distinguish between 
symptomatic and asymptomatic cases in our study as 
did Tait and Knight (6). Nor could we estimate 
differences in virulence of endemic viruses in the 
areas in which the two studies were carried out. In 
addition, there may be differences in patient popula- 
tions (our hospital serves a high proportion of North 
American Indian children), and this makes further 
comparisons between our study and that of Tait and 
Knight difficult. 

Desoto et al. (7) reported on 50 children aged 1- 
4 yr undergoing otolaryngologic surgery, half of 
whom had URIs. Noninvasive measurement of oxy- 
gen saturation was initiated immediately on arrival in 
the postanesthesia recovery room. Five patients who 
had URIs had oxygen saturations below 95% while 
breathing room air in the recovery room (P < 0.03) 


but without sequelae. The authors conclude that 


children of this age group are at increased risk for , 


transient postoperative hypoxemia. 

A preliminary report by Betts et al. (8) examined 
the risk of oxygen desaturation (as measured nonin- 
vasively), laryngospasm, and bronchospasm in chil- 
dren with and without URIs during the operative and 
recovery room periods (n = 158 children). In their 
study, desaturation was defined as an oxygen satu- 
ration of 90% or less for 2.5 min. The authors found 
no differences in the frequency of laryngospasm or 
desaturation in children with an active URI, in those 
with a recent URI, and in a control group. However, 
the number of children in the study was probably too 
small to be able to detect a difference. If the rate of 
recovery room respiratory events is the same as in 
our study (that is 3.4%), one would only expéct to 
find five patients among the 158 in the study who 
would experience an adverse event. 

Thus our large study of over 17,000 patients found 
that children with a URI were four- to sevenfold more 
likely to have an adverse respiratory event than 
children without this problem, and this elevated risk 
was not explained by the children’s age, physical 
status score, site of operation, and emergency status. 
We were not able to ascertain whether the children 
truly had a viral illness as opposed to an allergic 
condition. Noninvasive measurement of oxygen sat- 
uration was not available during the first 3 yr of the 
study and was not included in the database. The 
other studies mentioned above found either no dif- 
ferences or very low rates of adverse outcomes (6,7). 
The differences between this study and those re- 
ported above probably relate to the large number of 
children included in our study and to the extension of 


h 


URI IN CHILDREN UNDERGOING SURGERY 


the follow-up into the recovery room and early post- 
operative periods. 

One additional factor that increased the perioper- 
ative risk of respiratory problems was tracheal intu- 
bation. The studies mentioned above found no rela- 
tionship between intubation and postoperative 
respiratory problems (5,6). However, in our study we 
examined separate age groups rather than grouping 
neonates, infants, and 5-yr-old children together. The 
basis for our doing so was that edema secondary to 
intubation results in a greater reduction in the cross- 
sectional area of the trachea of an infant than in an 
older child. Indeed, the high relative risk of infants 
developing postoperative croup supports the premise 
that children with a URI who have undergone intu- 
bation are at significant risk of developing a major 
adverse respiratory event. This supports the “arbi- 
trary” discharge time of 4 h suggested in the litera- 
ture for children undergoing day surgical procedures 
(9). 

The administration of anesthesia to a child with a 
URI has always been a controversial issue (10). Con- 
cerns about patient safety have resulted in recom- 
mendations involving cancellation of elective proce- 
dures for periods of 2-6 wk. However, because 
children, especially those under 2 yr of age, develop 
URIs 5-10 times per year (11,12), the potential safe 
time period for the administration of a general anes- 
thetic is very small. Bearing this fact in mind, we 
conclude the following: 


1. There is a need for hospitals to develop discharge 
criteria for recovery room and day surgery pediat- 
ric patients who have a URI before surgery. 

2. For children with asymptomatic or mild URI, we 
recommend the postponement of elective proce- 
dures for children under 1 yr of age. For children 
over 1 and less than 5 yr, the risk/benefit ratio of 
the surgical procedure must be considered on an 
individual basis because these children are still at 
risk for respiratory complications whether or not 
they had a preoperative respiratory illness. We 
found children over 5 yr old to have lower rates of 
respiratory complications (with the risk of respira- 
tory complications decreasing with age). There- 
fore, older children with URIs may be at less risk 
because of anatomically larger airways. 

3. Although not a part of this study, we recommend 
that children with significant preoperative symp- 
toms of URI should have their surgery postponed. 
If children with relatively minor URIs are at high 
risk for respiratory problems, it is likely that chil- 
dren with greater preoperative problems would be 
at an even higher risk. 
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Appendix: Statistical Methods 





It is possible that factors other than having a URI may be related to 
an increased risk of respiratory complications and thereby explain 
the elevated risk found when each factor is examined individually. 
To assess the importance and independent role of an individual 
factor (such as URI) we used a multiple logistic regression that 
controls simultaneously for all factors in the model. To choose the 
best model to predict the risk of having “any respiratory compli- 
cation,” a number of preliminary steps were taken. First, we tested 
each factor in Table 4 for an association with the outcome variable 
(any respiratory complication) by using a y test. We found that 
various categorizations of the factors (including continuous, cate- 
gorical, and dichotomous) had little effect on the results of the 
analysis. The final choice of categorization was as follows. For age, 
infants less than 1 mo old were excluded because of small numbers 
and much higher rates of adverse outcome. All other children were 
used in the analysis, and the variable “age” was entered as a 
continuous variable, that is, actual age. Variables such as inpatient 
status, preoperative URI status, and tracheal intubation were 
entered as dichotomous (yes, no) variables. For site of operation 
the two sites “eye, ears, nose and throat” and “other head and 
neck” were combined, and the variable used was “head and neck 
surgery”’—-yes or no. Variables such as year of surgery and 
physical status scores were entered as “dummy” variables to aid 
interpretation. 

Two interactions were found in the preliminary analysis. First, 
children with URIs were more likely to have higher physical status 
scores than children without URIs. We entered an interaction term 
in the multiple logistic regression model for physical status and 
URI. However, this interaction term was not statistically significant 
and therefore was not retained in the final model. A second 
interaction term was used because children with URIs were more 
likely to have tracheal intubation than children without URIs. This 
interaction term was statistically significant and was therefore 
retained in the final model. The reference category was therefore 
“no URL, not intubated.” 

A few cases were excluded due to missing values, leaving 
16,684 cases used in the final logistic regression model. 
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Sponsored by Creighton University School of Medicine and Professional Seminars, Inc 
Aprii 15-22, 1991 San Diego 


Unlimited Mock Oral Practice Sessions 


Creighton University and Pro- 
fessional Seminars, Inc. present an 
intensive review seminar intended for 
practicing physicians needing to fulfill 
their CME requirements and candi- 
dates preparing to take their oral or 
wirtten board exam. Emphasizing 
fundamental principles and clinical 
practice, lectures will reflect the lead- 
ing edge of current techniques and 
research. 

The faculty selected for the 
Anesthesiology Review Seminar are 
among the best teachers on the lec- 
ture circuit today. Involved in spear- 
heading new research and discovery, 
they provide participants with fresh 
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polish your presentation by teaching 
you thought organization and deliv- 
ery. Special sessions are scheduled 
to teach you the do's and don'ts of 
taking the oral exam and to explain 
how the actual exam is scored. 


Home study material is avail- 
able upon request to enable candi- 
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tention at the course. 

Attendance at this seminar will 
be kept low to enable faculty and staff 
to attend to the individual needs of 
each participant. Only the first 100 
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faculty or references, call Profes- 
sional Seminars, Inc. at 1-800-445- 
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course,call Creighton University, 
CME Division at 1-800-548-2633. 
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Creighton University School 
of Medicine is accredited by the 
Accreditation Council for Continu- 
ing Medical Education to sponsor 
continuing medical education for 
physicians. 


Creighton University School 
of Medicine designates this con- 
tinuing medical education activity 
for 60 hours In Category 1 of 
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of the American Medical Associa- 
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tion by physicians. 
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atric anesthesia practice located at a 
children’s hospital that is the major 
referral center fora tri-state area. All 
surgical procedures are performed 
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tified with pediatric-anesthesia ex- 
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The University of Massachusetts Medical Center is 
currently recruiting for a: 


Director, 
Pain Control Services 


Department of Anesthesiology, University of 
Massachusetts Medical Center, is seeking a board 
certified anesthesiologist for Director, Pain Control 
Services. Prerequisites include experience in acute 
and chronic pain medicine and academic experi- 
ence sufficient to warrant initial appointment as 
Associate Professor. Responsibilities include 
directorship of a multidisciplinary outpatient pain 
control center with more than 6,500 patient visits 
per year and responsibility for overseeing an acute 
pain consulting service which performs 
approximately 1,500 new consultations per year. 


Send C.V. to: Gary Welch, MD, PhD, JD, 
Chairman, Department of Anesthesiology, 
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Ff \ Significantly improved speed and 
fe quality of recovery compared 
with thiopental/isoflurane 


Mean postanesthesia recovery times (min)! 


Thiopental/ 
DIPRIVAN isoflurane 





Duration of anesthesia 85* 57 
3.5* 6.1 





Response to commands 
Fully oriented 55 9.4 
Able to tolerate fluids 61* 130 
“Ready” for discharge 138* 206 





—adapted from Korttila et al, p A564' 


* Statistically significant (P < .05). 
Measurements taken from time of discontinuation of all maintenance anesthesia. 





@ Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 
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anesthetic control 


Significantly less nausea and vomiting 
than with thiopental/isoflurane _ 


As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental /isoflurane for induction and 
maintenance. 
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Propofol blood 
concentration (ug/mL) 








2 mg/kg 


150 ug/kg/minute 





Awakening 


100 ug/kg/minute 
1 / Responsive 





Infusion rate of propofol 


ah 1 L k d L 
45 60 75 90 105 120 1 hour postoperatively 
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—adapted from Herregods et al, p 3644 


* Significant difference (P< .05) from previous value. 
**P< .02. (Mean and SEM values are shown.) 


After a loading dose of 2 mg/kg, anesthesia yas maintained with 150 ug/kg/min for 
30 minutes—then 100 ug/kg/min for 90 minute: 


E Total body clearance exceeds 
estimates of hepatic blood flow’ 






Noa ctive metabolites produced 
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ost anesthetic agents, clearance rate of DIPRIVAN decreases in elderly patients. _ 
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~ 


Hemodynamic effects are controllable 
and dose-dependent 


E Blood pressure (BP) predictably decreases on 
inductiog{sometimes > 30%) but is within 


A 


ce Micceptableramges.tor healthy individuals* 


m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, — 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 
DIPRIVAN is not a narcotic agent 


When used with N.O/O, for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required. 


Since the vehicle (soybean oil in water emulsion) is capable of supporting rapid growth of microorganisms, strict aseptic tech- 
nique must always be maintained while handling DIPRIVAN Injection. (See WARNINGS and DOSAGE AND ADMINISTRATION 
sections in the brief summary of prescribing information at the end of this advertisement.) 


*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 


‘Induction dose requirements may be reduced, 
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anesthetic contròl. 
As part of a balanced anesthetic technique; 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


E As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 
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INJECTION p rO po fo 


10 mg/ml 
EMULSION FOR IV ADMINISTRATION 


(For tuii prescribing information, see package insert. : 
INDICATIONS AND USAGE: DIPRIVAN injection is an IV anesthetic agent that can be used for both induction 
and/or maintenance of anesthesia as part of a balanced anesthetic technique for inpatient and outpatient surgery. 

DIPRIVAN injection is not recommended for obstetrcs, including cesarean section deliveries. because there 
are insufficient data to support its safety to the fetus. (See PRECAUTIONS.) 

DIPRIVAN Injection is not recommended for use in nursing mothers because DIPRIVAN Iajection has been 
reported to be excreted in human milk and the effects of oral abscrption of smal: amounts of propofol are not 
known. (See PRECAUTIONS.) 

DIPRIVAN Injection is not recommended for use in pediatric patents because safety and effectiveness have 
not been established. (See PRECAUTIONS. } 

DIPRIVAN Injection is not recommended for use at this time in patients with increased intracranial pressure 
or impaired cerebral circulation because DIPRIVAN injection may cause substantial decreases in mean arterial 
pressure, and consequently, substantial decreases in cerebral perfusion pressure. (See PRECAUTIONS.) 
CONTRAINDICATIONS: When general anesthesia is contraindicated or in patients with a known hypersensitivity 
to DIPRIVAN injection or its components. 

WARNINGS: DIPRIVAN Injection should be administergd only by persons trained in the administration of general 
anesthesia. Facilities tor maintenance of a patent airway, artificlal ventilation, and oxygen enrichment and 
circulatory resuscitation must be immediately available. 

DIPRIVAN Injection should not be coadministered through the same IV catheter with blood or plasma because 
compatibility has not been established. in vitro tests have shown that aggregates of the globular component 
of the emulsion vehicle have occurred with blood/piasma/serum from humans and animals. The clinical signifi- 
cance is not known, 

Strict aseptic techniques must always be maintained while handling DIPRIVAN Injection. The vehicle in 
DIPRIVAN Injection is capable of supporting rapid growth of microorganisms. (See DOSAGE AND ADMIN- 
ISTRATION, Handling Procedures.) 

PRECAUTIONS: General: A lower induction dose and a slower maintenance rate of administration should be 
used in elderly, debilitated and/or patients with circulatory disorders, and those rated ASA tt or IV. (See DOSAGE 
AND ADMINISTRATION. } Patients should be continucusly monitored for early signs of significant hypotension 
and/or bradycardia. Treatment may include increasing the rate of intravenous fluid, elevation of lower extremities, 
use of pressor agents, or administration of atropine. Apnea often occurs during induction and may persist for more 
than 60 seconds. Ventilatory support may be required, Because DIPRIVAN Injection is an emulsion, caution 
should be exercised in patients with disorders of lipid metabolism such as primary hyperlipoproteinemia, diabetic 
hyperlipemia, and pancreatitis. 

Since DIPRIVAN Injection is never used alone, an adequate period of evaluation of the awakened patient is 
indicated to ensure satisfactory recovery from general anesthesia prior to discharge of the patient from the 
recovery room or to home. 

‘Transient local pain may occur during intravenous injection, which may be reduced by prior injection of IV lidocaine 
{1.0 mL of a 1% solution). Venous sequelae (phlebitis or thrombosis) have been reported rarely (< 1%). In two weti- 
controlled clinical studies using dedicated intravenous catheters, no instances af venous sequelae were reported 
up to 14 days following induction. Pain can be minimized if the larger veins of the forearm or antecubital fossa are 
used. Accidental clinical extravasation and intentional injection into subcutaneous or perivascular tissues of animals 
caused minimal tissue reaction, intra-arterial injection in animals did not induce local tissue effects. One accidental 
intra-arterial injection has been reported in a patient, and other than pain, there were no major sequelae. 

Perioperative myocionia, rarely including opisthotonus, has occurred in a temporal relationship in cases in 
which DIPRIVAN Injection has been administered. 

Rarely, a clinical syndrome which may include bronchospasm and erythema accompanied by hypotension 
has occurred shortly after the administration of DIPRIVAN Injection, although the use of other drugs in most 
instances makes the relationship to DIPRIVAN Injection unclear. 

Drug Interactions: As DIPRIVAN Injection has no vagolytic activity, premedication has usually included anti- 
cholinergic agents (ag. atropine or glycopyrrolate) to modify potential increases in vagal tone due to concomitant 
agents ieg, succinylcholine) or surgical stimuli. 

The induction dose requirements of DIPRIVAN injection may be reduced in patients with intramuscular or intra- 
venous premedication, particularly with narcotics (eg, morphine, meperidine, and fentanyl) and combinations 
of narcotics and sedatives (eg, pare barbiturates, chloral hydrate, droperidol, etc). These agents 
may increase the anesthetic etfects of DIPRIVAN Injection and may also result in more pronounced decreases 
in systolic, diastolic, and mean arterial pressures and cardiac output. 

During maintenance of anesthesia, the rate of DIPRIVAN Injection administration should be adjusted according 
to the desired level of anesthesia and may be reduced in the presence of supplemental analgesic agents (eg, 
nitrous oxide or opioids). The concurrent administration of potent inhalational agents (eg, isoflurane, enflurane, 
and halothane) during maintenance with DIPRIVAN Injection has not been extensively evaluated. These inhaia- 
tional agents can also be expected to increase the anesthetic and cardiorespiratory effects of DIPRIVAN Injection. 

DIPRIVAN Injection does not cause a clinically significant change in onset, intensity or duration of action of 
the commonly used neuromuscular blocking agents (eg, succinylcholine and nondepoiarizing muscle relaxants). 

No significant adverse interactions with commonly used premedications or drugs used during anesthesia 
{including a range of muscle relaxants, inhalational agents. analgesic agents, and local anesthetic agents) have 
been observed. 

Carcinogenesis, Mutagenesis, impairment of Fertility: Animal carcinogenicity studies have not been performed 
with propofol. 

in vitro and in vivo animai tests failed to show any potential for mutagenicity by propofol. Tests for mutagenicity 
included the Ames (using Saimonella sp) mutation test, gene mutation/gene conversion using Saccharomyces 
cerevisiae, in vitro cytogenetic studies in Chinese hamsters and a mouse micronucleus test 

Studies in female rats at intravenous doses up to t5 mg/kg/day (6 times the maximum recommended human 
induction dose) for 2 weeks before pregnancy to day 7 of gestation did not show impaired fertility. Male tertility 
in rats was not affected in a dominant lethal study at intravenous doses up to 15 mg/kg/day for 5 days. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits at intravenous doses of 
15 mg/kg/day (6 times the recommended human induction dose) and have revealed no evidence of impaired fer- 
tility or harm to the fetus due to propofol. Propoto!, however, has been shown to cause maternal deaths in rats 
and rabbits and decreased pup survival during the lactating period in dams treated with 15 mg/kg/day (or 6 times 
the recommended human induction dose}. The pharmacological activity (anesthesia) of the drug on the mother 
is probably responsible for the adverse effects seen in the offspring. There are, however, no adequate and weli- 
controlied studies in pregnant women. Because animal reproduction studies are not always predictive of human 
responses, this drug should be used during pregnancy only if clearly needed 
Labor and Delivery: DIPRIVAN Injection is not recommended for obstetrics, including cesarean section deliveries, 
because there are insufficient data to support its safety to the fetus. 

Nursing Mothers: DIPRIVAN injection is not recommended for use in nursing mothers because DIPRIVAN has 
aren reported to be excreted in human milk and the effects of oral absorption of small amounts of propofol are 
not known. 

Pediatric Use: DIPRIVAN Injection is not recommended for use in pediatric patients because safety and 
effectiveness have not been established. 

Neurosurgical Anesthesia: Studies to date indicate that DIPR'VAN Injection decreases cerebral blood flow, 
cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular resistance. 
DIPRIVAN injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon dioxide 
tension. Despite these findings, DIPRIVAN Injection is not recommended for use at this time in patients with 
increased intracranial pressure or impaired cerebral circulation because DIPRIVAN Injection may cause substantial 
decreases in mean arterial pressure. and consequently, substantial decreases in cerebral perfusion pressure. 
Further studies are needed to substantiate what happens to intracranial pressure following DIPRIVAN Injection 
when decreases in mean arterial and cerebral perfusion pressures are prevented by appropriate measures. 
ADVERSE REACTIONS: Adverse event information is derived from controlled clinical triais and worldwide 
marketing experience. in the description below, rates of the more common events represent US/Canadian clinical 
study results. Less frequent events are derived principally from marketing experience in approximately 7 million 
patients and from publications: there are insufficient data to support an accurate estimate of their incidence rates. 

The following estimates of adverse events for DIPRIVAN Injection are derived from reports af 1573 patients 
included in the US/Ganadian induction and maintenance studies. These studies were conducted using a variety 
of premedicants, varying lengths of surgical procedures and various other anesthetic agents. Most adverse events 
were mild and transient. 

The following adverse events were reported in patients treated with DIPRIVAN injection. They are presented 
within each body system in order of decreasing frequency. 
incidence Greater than 1% — All events regardless of causality, derived tram clinical trials 
Body as a Whole: Fever. Cardiovascular: Hypotension (see also CLINICAL PHARMACOLOGY), Bradycardia, 


DIPRIVAN® (propofol) injection 





Hypertension. Central Nervous System: Movement.” Headache, Dizziness. Twitching, Bucking/Jerking/ 
Thrashing, Clonic/Myocionic Movement. Digestive: Nausea,” Vomiting,” Abdominal Cramping. injection Site: 
Burning/Stinging.”* Pain,” Tingling/Numbness, Coidness. Respiratory: Cough, Hiccough, Apnea (see also 
CLINICAL PHARMACOLOGY). Skin and Appendages: Flushing. 
incidence of unmarked events is 1%-2%, *3% to 10%: **10% or greater. 
Incidence Less than 1% — Causal Relationship Probable (Adverse events reported only in the literature, not 
seen in clinical triais, are italicized.) 
Body as a Whole: Extremities Pain, Chest Pain, Neck Stiffness, Trunk Pain. Cardiovascular: Tachycardia, 
Premature Ventricular Contractions, Premature Atrial Contractions, Syncope, Abnormal ECG, ST Segment 
Depression. Central Nervous System: Shivering. Somnolence, Hypertonia/Dystonia, Paresthesia, Tremor, 
Abnormal Dreams, Agitation, Confusion, Delirium, Euphoria, Fatigue, Moaning, Rigidity. Digestive: Hypersali- 
vation, Dry Mouth, Swallowing. Injection Site: Discomfort, Phlebitis, Hives/Itching. Redness/Discoloration. 
Musculoskeletal: Myaigia. Respiratary: Upper Airway Obstruction, Bronchospasm, Dyspnea, Wheezing, 
Hypoventilation, Burning in Throat, Sneezing, Tachypnea, Hyperventilation, Hypoxia, Skin and Appendages: 
Rash, Urticaria, Special Senses: Amblyopia, Diplopia, Eye Pain, Taste Perversion, Tinnitus. Urogenital: Urine 
Retention, Green Urine. 
incidence Less than 1% — Causal Relationship Unknown (Adverse events reported only in the literature, not 
seen in clinica! trials, are italicized. } 
Cardiovascular: Arrhythmia, Bigeminy, Edema, Ventricular Fibrillation, Heart Block, Myocardial ischemia. Central 
Nervous System: Anxiety, Emotional Lanility, Depression, Hysteria, Insomnia, Generalized and Localized Seizures, 
Opisthotonus. Digestive: Diarrhea. Respiratory: Laryngospasm. Skin and Appendages: Diaphoresis, Pruritus, 
Conjunctival Hyperemia. Special Senses: Ear Pain, Nystagmus, Urogenital: Abnormal Urine. 
DRUG ABUSE AND DEPENDENCE: None known. 
DOSAGE AND ADMINISTRATION: Induction: Dosage should be individualized and titrated to the desired effect 
according to the patient's age and clinical status. Most adult patients under 55 years of age and classified ASA | 
and i are likely to require 2.0 to 2.5 mg/kg of DIPRIVAN Injection, for induction when unpremedicated or when 
premedicated with oral benzodiazepines or intramuscular narcotics. For induction, DIPRIVAN injection should 
be titrated (approximately 40 mg every 10 seconds) against the response of the patient until the clinical signs 
show the onset of anesthesia. 
it:s important to be familiar and experianced with the intravenous use of DIPRIVAN Injection before treating 
elderly, debilitated, hypovolemic patients and/or those in ASA Physical Status Classes II} or IV. These patients 
may be more sensitive to the effects ot DIPRIVAN Injection; therefore, the dosage of DIPRIVAN Injection should 
be decreased in these patients by approximately 50% (20 mg every 10 seconds) according to their conditions 
and responses. (See PRECAUTIONS, and DOSAGE GUIDE.) 

Additionally, as with most anesthetic agents, the effects of DIPRIVAN Injection may be increased in patients 
who have received intravenous sedative or narcotic premedications shortly prior to induction. 
Maintenance: Anesthesia can be maintained by administering DIPRIVAN Injection by infusion or intermittent 
IV bolus injection. The patient's clinical response will determine the infusion rate or the amount and frequency 
of incremental injections. 

When administering DIPRIVAN Injection by infusion, itis recommended that drop counters, syringe pumps 

or volumetric pumps be used to provide controlled infusion rates. 
Continuous Infusion: DIPRIVAN Injection 0.1 to 0.2 mg/kg/min administered in a variable rate infusion with 
60%-70% nitrous oxide and oxygen provides anesthesia for patients undergoing general surgery. Maintenance 
by infusion of DIPRIVAN Injection should immediately follow the induction dose in order to provide satisfactory 
or continuous anesthesia during the induction phase. During this initial period following the induction injection 
higher rates of infusion are generally required (0.15 to 0.20 mg/kg/min) for the first 10 to 15 minutes. Infusion 
rates should subsequently be decreasec by 30%- 50% during the first half-hour of maintenance. Changes in 
vita’ signs (increases in pulse rate, blood pressure, Sating andar tearing) that indicate a response to surgical 
stimulation or lightening of anesthesia may be controlled by the administration of DIPRIVAN Injection 25 mg 
(2.5 mL) or 50 mg (5.0 mL) incremental boluses and/or by increasing the infusion rate. If vital sign changes are 
not controlled after a five minute period, other means such as a narcotic. barbiturate, vasodilator or inhalation 
agent therapy should be initiated to control these responses. 

For minor surgical procedures (ie, body surtace) 60%-70% nitrous oxide can be combined with a variable rate 
DIPRIVAN Injection infusion to provide satisfactory anesthesia. With more stimulating surgical procedures (ie, 
intra-abdominal) supplementation with analgesic agents shouid be considered to provide a satisfactory anesthetic 
and recovery profile. 

infusion rates should always be titrated downward in the absence of clinical signs of light anesthesia until a mild 
response to surgical stimulation is obtained in order to avoid administration ot DIPRIVAN Injection at rates higher 
than are clinically necessary. Generally, rates of 0.05 to 0.1 mg/kg/min should be achieved during maintenance 
in order to optimize recovery times. 

Intermittent Bolus: Increments of DIPR/VAN Injection 25 mg (2.5 mL) or 50 mg (5.0 mL) may be administered 
with nitrous oxide in patients undergoing general surgery. The incremental boluses should be administered when 
changes in vital signs indicate a response to surgical stimulation or light anesthesia. 

DIPRIVAN Injection has been used with a variety of agents commonly used in anesthesia, such as atropine, 
scopolamine, glycopyrrolate, diazepam, depolarizing and nondepolarizing muscle relaxants, and narcotic anal- 
gesics, as well as with inhalational and regional anesthetic agents, (See Drug interactions.) 
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INDICATION | DOSAGE AND ADMINISTRATION 
Induction Dosage should be individualized. 
Adults: Are likely to require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds. 
until induction onset). 
Elderly, Debilitated, Hypovolemic and/or ASA Ill or IV Patients: Are likely to require 
1.0 to 1.5 mg/kg (approximately 20 mg every 10 seconds until induction onset). 
Maintenance i i ; 
infusion Variable rate infusion — titrated to the desired clinical effect, Adults: Generaily, 0.1 to 
0.2 mg/kg/min (6 to 12 mg/kg/h). 
Elderly, Debititated, Hypovolemic and/or ASA Ill or IV Patients: Generally, 0.05 to 
0.1 mg/kg/min (3 to 6 mg/kg/h). 
intermittent Bolus | increments of 25 mg to 50 mg, as needed. 








Compatibility and Stability: DIPRIVAN injection should not be mixed with other therapeutic agents prior to 
administration. 

Dilution Prior to Administration: Wher DIPRIVAN Injection is diluted prior to administration, it should only be 
diluted with 5% Dextrose Injection, USP, and it should not be diluted to a concentration less than 2 mg/mL because 
itis an emulsion. in diluted form it has been shown to be more stable when in contact with glass than with plastic 
(95% potency after 2 hours of running infusion in plastic.) 

Administration into a Running IV Catheter: Compatibility of DIPRIVAN Injection with the coadministration of 
blood/serum/plasma has not been established. (See WARNINGS.) DIPRIVAN Injection has been shown to be 
compatible with the following intravenous fluids when administered into a running IV catheter. 

~ 5% Dextrose injection, USP 

—Lactated Ringers Injection, USP 

~Lactated Ringers and 5% Dextrose injection 

~~ 5% Dextrose and 0.45% Sodium Chloride Injection, USP 

— 5% Dextrose and 0.2% Sodium Chloride Injection. USP 
Handling Procedures: Parenteral drug products should be inspected visually for particulate matter and 
discoloration prior to administration whenever solution and container permit. 

Do not use if there is evidence of separation of the phases of the emulsion, 

Strict aseptic techniques must always be maintained during handling as DIPRIVAN Injection is a single-use 
parenteral product and contains no antimicrobial preservatives. The vehicle is capable of supporting rapid growth 
of microorganisms. 

DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are opened. Administration 
should then commence without extended delay. 

DIPRIVAN Injection shouid be prepared for single patient use only and any unused portions of DIPRIVAN 
Injection or solutions containing DIPRIVAN Injection must be discarded at the end of the surgical procedure. 

Failure to follow aseptic handling procedures may result in microbial contamination causing fever and/or other 
adverse consequences which could lead to life-threatening illness. ee 
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Made in Sweden 
Manufactured for: 


STUART PHARMACEUTICALS 
A business unit of ICI Americas Inc. 
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Anesthesiology Boards Review Course 
‘April 15-20, 1991 — San Diego 


July 6-11, 1991 - Chicago 


OBJECTIVES 


After this program attendees should: 


e Have improved basic and clinical anesthesia knowledge 


© Be better organized for further study of anesthesiology 
© Be prepared to take written and oral exams 





‘Sept. 30-Oct. 5, 1991 — Tampa 
Now offering ‘60 hours of mock oral exams limited to 90 participants 
Co-sponsored by the University of Washington 


METHODS 


e HOME STUDY MATERIALS consisting of a syllabus and as- 
signments with questions and answers 

è SEMINAR with projection slides and syllabus 

e PRACTICE EXAMS with oral and written parts 


"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 


not only from world-famous authorities but from people who are relatively unknown as well,”* 


PHYSIOLOGY 
Respiratory Physiology 
Cardiovascular Physiology 
Neurophysiology 
Hepatic Physiology 
Renal Physiology 
Acid-Base and Blood Gas 
Endocrine Physiology 
Thermoregulation 


PHARMACOLOGY 
Pharmacokinetics 
Inhalation Anesthetics 
Intravenous Anesthetics 
Muscle Relaxants 
Autonomic Drugs 
Central Nervous Drugs 
Cardiac & Diuretic Drugs 
Interactions & Genetics 


PHYSICAL SCIENCES 
Applied Anatomy 
Physics and Gas Laws 
Anesthesia Machines 
Instrumentation 
Monitors and Ventilators 
Breathing Systems 
Defibrillators and Pacers 

FUNDAMENTALS 
Preop. Evaluation & Prep. 
Patient Monitoring 
Airway Management 
Fluid and Blood Therapy 
Cardiopulmonary Disease 
Hepatic & Renal Disease 
Metabolic Disease 
Recovery Room 


Name 


REGIONAL ANESTHESIA Richard Engel, M.D. 


Local Anesthetics 
Autonomic Blocks 

Spinal and Epidural Blocks 
Caudal Blocks 

Upper Extremity Blocks 
Lower Extremity Blocks 
Chronic Pain Management 


SPECIALTY AREAS 
Obstetric Anesthesia 
Pediatric Anesthesia 
Cardiac Anesthesia 
Thoracic Anesthesia 
Neuroanesthesia 
Ophthalmic & E.N.T. 
Geriatric and Outpatients 
Critical Care 


FACULTY 
Ezzat Abouleish, M.D. 
U. of TX Med. Sch., Houston 
Steven Barker, Ph.D., M.D. 
Univ. of California, Irvine 
Jonathan Benumof, M.D. 
Univ. of Califomia, San Diego 
T. A. Bowdle, M.D., Ph.D. 
University of Washington 
Burton Briggs, M.D. 
Loma Linda University 
Hernando DeSoto, M.D. 
Riverside Hosp., Jacksonville 


John Drummond, M.D. 
Univ. of California, San Diego 


Palomar Hosp., Escondido, CA 
Christopher Gallagher, M.D. 


Anes. Services, San Diego 
Richard Hanberry, M.D. 
Lawrenceville, Georgia 

Carl Hess, M.D. 

Univ. of California, Irvine 
Niels Jensen, M.D. 
University of lowa 

David Lubarsky, M.D. 
Duke University 

Terence Murphy, M.D. 
University of Washington 
Danae Powers, M.D. 
Emory University 

Michael Ritter, M.D. 

St. Louis University 

David Rothenberg, M.D. 
Rush Medical School 

Amira Safwat, M.D. 
University of Califomia, Davis 
Mark Scheller, M.D. 

Univ. of Califomia, San Diego 
Daniel Siker, M.D. 

Medical College of Wisconsin 


Ngoc-Hai Truong, M.D. 


FHP Hosp., Fountain Valley, CA 


John Viljoen, M.D. 
Univ. of Southern California 


K.C. Wong, M.D. 
University of Utah 
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Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 





Address 





City/State/Zip 





Phone 





P.O. Box 2218 


PURSE RENEE THERON ERR REO 


Mail today to: 


1094 Dawn Lane, Dept. 103 


Terre Haute, IN 47802 


For: 











[_] April 15-20, 1991 - San Diego 
[_| July 6-11, 1991 - Chicago 
~ | Sept. 30-Oct. 5, 1991 — Tampa 


[C] Check enclosed for $ 
[] Please send more information 
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"Accommodations were comfortable... ™ 


LOCATION: The April course will be at 
the San Diego Princess Resort in Mission 
Bay, 1404 West Vacation Road, San Diego, 
California. 


"I feel [the course] helped me pass... ™ 


PROGRAM: This course is designed to 
prepare you for your board exams. Upon 
registration we will send you our home 
study material. At the course, one-on-one 
mock oral exams are held concurrent with 
most lectures. Each participant is assured a 
mock oral exam and observation of all non- 
private exams. You may reserve mock oral 
sessions at any course and optional extra 
days of mock oral exams — April 21-23. 
Past participants recommend repeating the 
course for half price just before your exams. 


"the most education for the money.'* 
FEES AND CATEGORY 1 CME.: 


© 6 day lectures and mock orals: $660 

Residents and Fellows fee: $440 

Repeating course within 3 years: $330 
© Mock oral observation only (6 day): $400 

Per day mock oral observation: $ 70 
e Single examiner mock oral exam: $ 70 
@ Dual examiner mock oral exam: $140 
© Surcharge for private exam: $ 30 
© Surcharge for videotaped exam: $ 10 
e Previous course syllabus: $ 60 


© Attendees not in course hotel add $20/day. 

e A deposit of $50 will reserve your position. 

© Most home study materials will be mailed 
after half of the registration fee is received. 

© Subject to a $50 fee, refunds will be made 
up until the seminar begins. 

The University of Washington School of 
Medicine is accredited by the Accreditation 
Council for Continuing Medical Education 
(ACCME) to sponsor continuing medical 
education for physicians. The University of 
Washington School of Medicine designates 
this Continuing Medical Education activity 
for up to 90 credit hours in Category 1 of 
the Physician’s Recognition Award of the 
American Medical Association. 


"home study material was extremely helpful."* 


INFORMATION: 
Joseph H. Selliken, Jr., M.D. 
The Osler Institute 
1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(800) 356-7537 or (812) 299-5658 


* Comments by past Osler participants 
§ Plus optional extra days Apr. 21-23 & Oct. 6-8. 





Shield against surgical stress 


As with all potent opioids, profound 
analgesia is accompanied by respiratory 
depression and diminished sensitivity to 
CO, stimulation which may persist into or 
recur in the postoperative period. Appro- 
priate postoperative monitoring should be 
employed to ensure that adequate spon- 
taneous breathing is established and main- 
tained prior to discharging the patient 
from the recovery area. 


References: 1. de Lange S, Boscoe MJ, Stanley TH, Pace 
N. Comparison of sufentanil-O, and fentanyl-O, for 
coronary artery surgery. Ai esiology. 1982; 56:112- 
118. 2. Flacke JW, Bloor BC, Kripke BJ, et al. Comparison 
of morphine, meperidine, fentanyl, and sufentanil in 
balanced anesthesia: a double-blind study. Anesth 
Analg. 1985;64:897-910. 3. Benefiel DJ, Roizen MF, 
Lampe GH, et al. Morbidity after aortic surgery with 
sufentanil vs isoflurane anesthesia. Anesthesiology. 
1986;65:A516. Abstract. 4. Roizen MF, Lampe GH, 
Benefiel DJ, et al. Is increased operative stresss associ- 
ated with worse outcome? Anesthesiology. 1987;67:A1. 
Abstract. 5. Clark NJ, Meuleman T, Liu WS, Zwanikken P. 
Pace N, Stanley TH. Comparison of sufentanil-N,O and 
fentanyl-N.O in patients without cardiac disease under- 
going general surgery. A iy. 1987;66:130-135. 


Betore prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 
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INDICATIONS AND USAGE: SUFE ENTA (s ufentanil citrate) i ndic ated: As an analgesic adjunct in the maintenance 
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WARNINGS: SUFENTA should he administered only by persons specifically trained | in nthe use of 
intravenous anesthetics and management of the respiratory effects of potent opioids, An opioid 
antagonist, resuscitative and Ininbation canlamoent and oxygen should be readily available. 
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Predictable control 
of stress responses 
from induction through recovery 


stress response to intubation and surgical stimulation 12 
intraoperative hemodynamic stability 
of the stress response is associated with less postoperative morbidity 34 


postoperative analgesia with faster recovery of respiratory drive ° 


structural chromosome mutations. The Ames Salmonella typhimurium metabolic activating test also revealed no 
mutagenic activity, See ANIMAL TOXICOLOGY for reproduction studies in rats and rabbits. 

Pregnancy Category C: SUFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose tor a period of 10 days to over 30 days. These effects were most probably 
due to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration 
f the drug. No evidence of teratogenic effects have been observed after administration of SUFENTA in rats or rabbits 
There are no adequate and well-controlled studies in pregnant women, SUFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 

Labor and Delivery: There are insufficient data to support the use of SUFENTA in labor and delivery. Therefore, 
such use is not recommend: 
Nursing Mothers: It is not known whether this drug is excreted in human milk. Because many drugs are excreted 
in human milk, caution should be exercised when SUFENTA is administered to a nursing woman 

Pediatric Use: The safety and efficacy of SUFENTA in children under two years of age undergoing cardiovascular 
surgery has been documented in a limited number of cases. 

Animal Toxicology: The intravenous LD<. of SUFENTA is 16.8 to 18.0 mg/kg in mice, 11.8 to 13.0 mg/kg in guinea 
pigs and 10.1 to 19.5 mg/kg in dogs. Reproduction studies performed in rats and rabbits given doses of up to 

2.5 times the upper human dose for a period of 10 to over 30 days revealed high maternal mortality rates due to 
decreased food consumption and anoxia, which preclude any meaningful interpretation of the results. 

ADVERSE REACTIONS: The most common adverse reactions of opioids are respiratory depression and skeletal 
muscle rigidity. See CLINICAL PHARMACOLOGY, WARNINGS and PRECAUTIONS on the management of respiratory 
depression and skeletal muscle rigidity, The most frequent adverse reactions in clinical trials involving 320 patients 
administered SUFENTA were: hypotension (7%), hypertension (3%), chest wall rigidity (3%) and bradycardia (3%) 
Other adverse reactions with a reported incidence of less than 1% were 

Cardiovascular: tachycardia, arrhythmia Dermatological: itching, erythema 

Gastrointestinal: nausea, vomiting Central Nervous System: chills 

Respiratory: apnea, postoperative respiratory Miscellaneous: intraoperative muscle movement 
depression, bronchospasm 

DRUG ABUSE AND DEPENDENCE: SUFENTA (sufentanil citrate) is a Schedule |I controlled drug substance that 
‘an produce drug dependence of the morphine type and therefore has the potential for being abused 
OVERDOSAGE: Overdosage would be manifested by an extension of the pharmacological actions of SUFENTA 

(see CLINICAL PHARMACOLOGY) as with other potent opioid analgesics. However, no experiences of overdosage 
with SUFENTA have been established during clinical trials. The intravengus LDso of SUFENTA in male rats is 9.34 to 
12.5 mg/kg (see ANIMAL TOXICOLOGY for LDgos in other species). Intravenous administration of an opioid antagonist 
such as naloxone should be employed as a specific antidote to manage respiratory depression. The duration of 
respiratory depression following overdosage with SUFENTA may be longer than the duration of action of the opioid 
antagonist. Administration of an opioid antagonist should not preclude more immediate countermeasures. In the 
event of overdosage, oxygen should be administered and ventilation assisted or controlled as indicated for hypo- 
ventilation or apnea. A patent airway must be maintained, and a nasopharyngeal airway or endotracheal tube may 
be indicated. If depressed respiration is associated with muscular rigidity, a neuromuscular blocking agent may be 
required to facilitate assisted or controlled respiration, Intravenous fluids and vasopressors for the treatment of 
hypotension and other supportive measures may be employed 

DOSAGE AND ADMINISTRATION: The dosage of SUFENTA should be individualized in each case according to 
body weight, physical status, underlying pathological condition, use of other drugs, and type of surgical procedure 
and anesthesia. In obese patients (more than 20% above ideal total body weight), the dosage of SUFENTA should be 
determined on the basis of lean body weight. Dosage should be reduced in elderly and debilitated patients (see 
PRECAUTIONS). Vital signs should be monitored routinely. Protect from light. Store at room temperature 15°-30° C 
(59°-86° F) 
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Influence of Desflurane on Regional Distribution of Coronary Blood 
Flow in a Chronically Instrumented Canine Model of Multivessel 


Coronary Artery Obstruction 


J. Craig Hartman, Bs, Paul S. Pagel, Mp, John P. Kampine, MD, PhD, 
William T. Schmeling, MD, PhD, and David C. Warltier, MD, PhD 


HARTMAN JC, PAGEL PS, KAMPINE JP, SCHMELING 
WT, WARLTIER DC. Influence of desflurane on regional 
distribution of coronary blood flow in a chronically 
instrumented canine model of multivessel coronary artery 
obstruction. Anesth Analg 1991;72:289-99, 


The influence of desflurane on myocardial perfusion measured 
by a microsphere technique during a total occlusion of the left 
anterior descending coronary artery and concomitant moder- 
ate or severe stenosis of the left circumflex coronary artery was 
evaluated in chronically instrumented dogs. Hemodynamics, 
regional contractile function, and myocardial blood flow were 
measured during the conscious state and after anesthesia with 
desflurane (8.2%-9.2% and 12.5%-12.7%) with and with- 
out control of arterial pressure. Total left anterior descending 
occlusion produced in combination with a left circumflex 
coronary artery stenosis significantly (P < 0.05) increased 
heart rate and left ventricular end diastclic pressure in the 
absence of desflurane anesthesia. Desflurane, administered 
only in the presence of left anterior descending occlusion and 
left circumflex stenosis, significantly (P < 0.05) decreased 
mean arterial pressure, left ventricular systolic pressure, and 
left ventricular positive dP/dt.) without change in heart rate. 
Blood flow to the subendocardium of normal myocardium was 
reduced during the high concentration of desflurane (P < 
0.05), but perfusion of the subepicardium and midmyocar- 
dium was maintained at conscious levels. When the left 
circumflex stenosis was of moderate severity, only blood flow 


The influence of volatile anesthetics on myocardial 
blood flow in patients with coronary artery disease 
has not been well defined. The actions of isoflurane 
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to the subendocardium distal to the stenosis was reduced by 
desflurane (P < 0.05). In the presence of a severe stenosis, 
perfusion was decreasea in the subepicardium, midmyocar- 
dium, and subendocardium of the stenotic zone (P < 0.05). 
During the reduction in arterial pressure produced by desflu- 
rane, collateral blood flow in the left anterior descending 
region was reduced in dogs with either a moderate or severe left 
circumflex stenosis (P < 0.05). When arterial pressure and 
heart rate conditions observed in the ion conscious 
state were restored during the high concentration of desflu- 
rane, myocardial blood flow in all regions returned to those 
levels present in the conscious state (P < 0.05). Ratios of flow 
between occluded and normal zones were decreased when 
hypotension produced by desflurane was uncontrolled, but 
when arterial pressure and heart rate were adjusted to con- 
scious postocclusion levels using partial thoracic aorta occlu- 
sion and atrial pacing, the ratio remained at conscious control 
levels regardless of the degree of left circumflex stenosis 
severity (P < 0.05). Results of this investigation indicate that 
desflurane does not redistribute blood flow away from collat- 
eral-dependent myocareium to other regions via a “coronary 
steal” mechanism in a chronically instrumented canine model 
of multivessel coronary artery disease. 


Key Words: ANESTHETICS, vo.atm_e—desflurane. 
ARTERIES, coronary—steal. HEART, CORONARY 
ARTERY DISEASE—coronary steal. 


and halothane have been previously characterized in 
clinical and experimental studies of coronary artery 
disease (1-6). The new volatile anesthetic desflurane 
may possess coronary vasodilator activity similar to 
isoflurane. Such actions have been suggested with 
isoflurane to produce “coronary steal,” a decrease in 
perfusion of ischemic myocardium occurring during 
an increase in blood flow to normal zones (3,5,7). 
Although isoflurane relaxes coronary arterial rings in 
vitro (8,9) and reduces coronary vascular resistance in 
vivo (10), this vasodilator activity may not be suffi- 
cient to redistribute myocardial blood flow away from 
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ischemic zones. Isoflurane administered as the sole 
anesthetic agent to a chronically instrumented canine 
model of multivessel coronary artery disease did not 
produce coronary steal in a recent investigation from 
this laboratory (11). In contrast, adenosine markedly 
decreased coronary collateral blood flow (11). 
Although several studies have described some of 
the cardiovascular actions of desflurane, none to date 
have evaluated the influence of this new agent on 
myocardial perfusion (12-18). The present investiga- 
tion was designed to characterize the action of des- 
flurane on regional myocardial blood flow in a chron- 
ically instrumented canine model of multivessel 
coronary artery disease. The continuous develop- 
ment of a slowly progressive left circumflex coronary 
artery constriction was monitored by daily assess- 
ment of resting flow velocity and coronary reserve. 
When the left circumflex stenosis was moderate or 
severe, the left anterior descending coronary artery 
was totally occluded to stimulate “coronary steal- 
prone anatomy” in the conscious state. Desflurane 
was then administered to determine the influence of 
this anesthetic on regional myocardial perfusion. 


Methods and Materials 
Surgical Preparation 


All experimental procedures and protocols utilized in 
this investigation were reviewed and approved by 
the Animal Care Committee of the Medical College of 
Wisconsin. All conformed to the Guiding Principles in 
the Care and Use of Animals of the American Physio- 
logical Society and were in accordance with the Guide 
for the Care and Use of Laboratory Animals [DHEW 
(DHHS) Publication No. (NIH) 85-23, rev. 1985]. 
Conditioned mongrel dogs of either sex weighing 
between 22 and 32 kg fasted overnight. Anesthesia 
was induced with sodium thiamylal (10 mg/kg IV). 
After intubation with a cuffed endotracheal tube, 
anesthesia was maintained with halothane (1.0%- 
1.5%) in 100% oxygen (1 L/min) during mechanically 
controlled ventilation. Under sterile conditions, a 
thoracotomy was performed in the left fifth intercos- 
tal space and the lungs were gently retracted. Hep- 
arin-filled catheters were implanted in the thoracic 
aorta and the right atrial appendage for measurement 
of arterial pressure and for drug administration. A 
catheter was positioned in the left atrial appendage 
and secured by a purse-string suture. This catheter 
was used for measurement of left atrial pressure, 
administration of radioactive microspheres for deter- 
mination of regional myocardial perfusion, and injec- 
tion of adenosine for daily assessment of coronary 
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vascular reserve. The heart was suspended in a 
pericardial cradle, and 1.5-2.0-cm sections of the 
proximal left anterior descending and left circumflex 
coronary arteries were isolated. Doppler ultrasonic 
flow transducers (20 MHz) were placed on each 
vessel for measurement of phasic and mean coronary 
blood flow velocity. Distal to the flow transducer, a 
balioon-cuff vascular occluder (In Vivo Metric Sys- 
tems, Healdsburg, Calif.) was secured around the left 
anterior descending coronary artery to permit acute 
coronary artery occlusion. An Ameroid constrictor 
was fitted around the left circumflex coronary artery 
distal to the flow probe to produce a slowly progres- 
sive vascular stenosis. No arterial branches were 
present between flow transducer and vascular oc- 
cluder or Ameroid constrictor. 

A precalibrated, miniature micromanometer 
(Konigsberg Instruments, Pasadena, Calif., model 
P7) was inserted into the left ventricular chamber 
through an incision in the apex and was tightly 
secured for recording of left ventricular pressure 
and the rate of rise of left ventricular pressure at 
50 mm Hg (dP/dtsg). A left ventricular catheter was 
implanted adjacent to the transducer for subsequent 
intraarterial infusions of adenosine. The left ventric- 
ular micromanometer was cross-calibrated against 
pressures measured via the left ventricular fluid-filled 
catheter (Statham, Oxnard, Calif., model P50). Elec- 
trodes were sutured to the right atrial appendage for 
cardiac pacing. Pairs of miniature ultrasonic length 
transducers were implanted in the subendocardium 
of the left anterior descending and left circumflex 
perfusion territories. All catheters and electrical leads 
were secured, tunneled subcutaneously, and exteri- 
orized between the scapulae through several small 
incisions. The chest wall was closed in layers and the 
pneumothorax evacuated by a chest tube. Each dog 
was fitted with a jacket (Alice King Chatham, Los 
Angeles, Calif.) to prevent damage to the instru- 
ments and catheters, which were housed in an alu- 
minum tox within the jacket pocket. After surgery, 
each dog was allowed to recover for at least 2 days 
before daily hemodynamic monitoring and was 
treated with procaine penicillin G (400,000 U IM) and 
dihydros:reptomycin (560 mg IM). For several days 
before surgery and during the postoperative recovery 
period, all dogs were trained to stand quietly in a 
sling to ensure a stable baseline hemodynamic state. 


Regional Contractile Function 


Regional contractile function (segment shortening) 
was measured in the perfusion territories of the left 
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anterior descending and left circumflex coronary arter- 
ies by pairs of cylindrical ultrasonic crystals. All signals 
were continuously monitored via ultrasonic amplifiers 
(Crystal Biotech, Holliston, Mass.). Using left ventricu- 
lar dP/dt, end-diastolic segment length (EDL) was de- 
termined immediately before the onset of left ventricu- 
lar isovolumetric contraction. End systolic length (ESL) 
was determined at the time of maximum negative 
dP/dt. The lengths were normalized according to the 
method of Theroux et al. (19). Percent systolic shorten- 
ing (%SS) was calculated by use of the following equa- 
tion: %SS = [(EDL — ESL)/EDL] x 100. 


Regional Myocardial Blood Flow 


Carbonized plastic microspheres (New England Nu- 
clear, Boston, Mass.; 15 + 2 um diameter) labeled 
with Ce, Ru, *1Cr, or Nb were used to measure 
regional myocardial perfusion (20). Immediately be- 
fore injection, the sphere suspension was ultrasoni- 
cated (E/MC Corporation, model 450) for 15 min and 
subsequently agitated in a vortex mixer (Cole-Parmer, 
model 4722) for 5 min. The microsphere injection con- 
sisted of approximately 2-3 x 10° spheres injected into 
the left atrial chamber as a bolus over 10 s and flushed 
in with 10 mL of warm (37°C) sterile saline. A few 
seconds before the microsphere injection, a timed col- 
lection of reference arterial flow was started (precali- 
brated Harvard infusion/withdrawal pump, model 
1941) from the thoracic aortic catheter and maintained 
at a constant rate of 7 mL/min for 3 min. 

At the conclusion of each experiment, transmural 
tissue samples were selected for mapping of myocar- 
dial blood flow. The samples were selected from 
three zones of the left ventricle: (a) normal region 
(myocardium proximal to both the hydraulic occluder 
and Ameroid constrictor); (b) stenotic region (distal to 
the left circumflex stenosis produced by the Ameroid 
_ constrictor); and (c) occluded region (distal to the left 
anterior descending occlusion produced by inflation 
of the vascular cuff). Two colored dyes (Monastral 
Blue B Suspension; India ink) were injected simulta- 
neously into the coronary circulation immediately 
distal to the hydraulic occluder and Ameroid constric- 
tor at a pressure of 100 mm Hg to identify precisely 
the occluded and stenotic zones, respectively. Nor- 
mal myocardium remained unstained. Tissue sam- 
ples were subdivided into subepicardial, midmyocar- 
dial, and subendocardial layers of approximately 
equal thickness. Samples were weighed and placed in 
scintillation vials, and the activity of each isotope was 
determined. Tissue blood flow (Q,,; mL-min™!-g~?) 
was calculated from the following equation: Q,, = 
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Q, X C/C, where Q, = rate of withdrawal of the 
reference blood flow sample (mL/min), C, = activity 
(cpm) of the reference blood flow sample, and Cm = 
activity (cpm/g) of the myocardial tissue sample. 


Experimental Protocols 


Beginning on the second postoperative day, dogs 
were monitored daily for hemodynamic changes dur- 
ing slowly progressive stenosis of the left circumflex 
coronary artery. Each animal was brought to the 
laboratory and placed in a sling. After a short period 
of adjustment to these conditions (30 min), resting 
blood flow velocity was recorded in both the left 
anterior descending and left circumflex coronary ar- 
teries. Subsequently, the vascular reserve of myocar- 
dium supplied by each vessel was evaluated by 
administration of adenosine (100 yg) via the left atrial 
catheter. Reserve in each region was quantified as the 
percent increase in diastolic coronary blood flow 
velocity above the resting value elicited on injection 
of adenosine. When the left ‘circumflex hyperemic 
response to adenosine was reduced to at least 50% of 
that observed on the second postoperative day, a 
stenosis of moderate severity was considered to be 
present. Dogs that demonstrated a further reduction 
in the hyperemic response to adenosine and a de- 
crease in resting left circumflex coronary blood flow 
velocity were considered to have a severe stenosis. 
When either a moderate or severe left circumflex 
stenosis developed, the left anterior descending cor- 
onary artery was totally occluded by inflation of the 
hydraulic cuff. The subsequent model of multivessel 
coronary artery disease was utilized to evaluate the 
actions of desflurane on systemic hemodynamics, 
regional myocardial blood flow, and segmental con- 
tractile function. All dogs were given procainamide 
hydrochloride (300 mg IV) and lidocaine hydrochlo- 
ride (60 mg IV) before cuff inflation to suppress 
potential ventricular arrhythmias after left anterior 
descending coronary artery occlusion. 

Before experimentation, all dogs fasted overnight. 
Fluid replacement was accomplished with 0.9% nor- 
mal saline (approximately 500 mL), and fluid main- 
tenance was continued at 3 mL-kg™!-h™? for the 
duration of each experiment. During a stable hemo- 
dynamic state 30 min after left anterior descending 
coronary occlusion, radioactive microspheres were 
injected and control hemodynamic data were re- 
corded. Anesthesia was induced by inhalation of 
desflurane (15%-20%, 1 MAC = 7.2% [21]) and 
oxygen. After tracheal intubation, anesthesia was 
continued with desflurane in oxygen (100-250 mL/ 
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min) and room air (2 L/min) during positive pressure 
ventilation utilizing a semiclosed anesthesia circuit. 
Tidal volume was set at 15 mL/kg, and respiratory 
rate was adjusted to maintain arterial Pco, within the 
conscious range (30-35 mm Hg). The oxygen-air 
mixture was adjusted to maintain arterial Po, near 
conscious levels. In each experiment, the inspired 
concentration (range 6%-12%) of desflurane was ad- 
justed to produce a reduction in diastolic arterial 
pressure of approximately 25-30 mm Hg. End-tidal 
gas tensions and anesthetic concentrations were con- 
tinuously monitored with an infrared gas analyzer 
(Datex Capnomac, Helsinki, Finland). 

After a 30-min equilibration period to provide a 
hemodynamic steady state during the first concentra- 
tion of desflurane, a second set of radioactive micro- 
spheres was administered and arterial blood gas ten- 
sions were measured. The inspired concentration of 
desflurane was then changed (range 11%~15%) to pro- 
duce a 35-40 mm Hg decrease in diastolic arterial 
pressure below conscious levels. Equilibration at the 
new anesthetic level was allowed for an additional 30 
min before injection of a third set of microspheres. 
Arterial blood pressure during the high concentration 
of desflurane was then adjusted to those levels present 
in the conscious state by inflation of a balloon catheter. 
The right femoral artery was exposed with a small 
incision, and the vessel catheterized with a Fogarty 
occlusion catheter (8/22F, Baxter Corp., Deerfield, I). 
The catheter tip was advanced to the descending tho- 
racic aorta and the balloon inflated to elevate blood 
pressure to levels present in the conscious state. During 
this procedure, heart rate was often reduced by activa- 
tion of intact autonomic reflexes to levels below those in 
the control state. Thus, when required during balloon 
inflation, heart rate was returned to control levels by 
atrial pacing with an electronic stimulator (Grass SD9 
Stimulator, Quincy, Mass.). A final set of radioactive 
microspheres was injected during the high inspired 
concentration of desflurane with arterial pressure and 
heart rate adjusted to control levels. This protocol was 
completed in both dogs with moderate and severe left 
circumflex coronary artery stenoses. Dogs were killed 
with an overdose of sodium pentobarbital at the con- 
clusion of each experiment. The heart was removed, 
washed with saline, and fixed for 24-48 h in a 10% 
formaldehyde solution before obtaining specimens for 
myocardial blood flow analysis. 


Statistical Analysis 


Nineteen dogs were used in the present investigation 
to provide 12 successful experiments. Three dogs 
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Figure 1. Effects of a moderate (1 = 6) or severe (n = 6) left 


circumflex (LCCA) stenosis on coronary hemodynamics. Postop- 
erative day 2 and the final day of progressive stenosis development 
are compared. The top two pairs of histograms demonstrate the 
effects of stenosis on resting diastolic blood flow velocity (DBFV). 
The bottom three pairs of histograms depict the percent increase in 
DBFV above resting (LAD or LCCA Reserve [%]) after adenosine 
and the ratio of those responses (LAD/LCCA Reserve), respec- 
tively. LAD, left anterior descending coronary artery. Values are 
mean £ SEM. “Significant difference from day 2 (P «< 0.05). 
tSignificant (P < 0.05) difference from the final day, moderate 
stenosis group. 


died of intractable ventricular fibrillation, and two 
dogs died of cardiogenic shock after combined left 
anterior descending coronary artery occlusion and 
left circumflex stenosis. Two dogs were excluded 
from the study because of failure of instrumentation. 

Coronary blood flow velocity data collected during 
development of the left circumflex stenosis were 
analyzed with paired and unpaired t-tests (22). He- 
modynamic, myocardial blood flow, and contractile 
function data were analyzed with repeated measures 
one-way and three-way analysis of variance. One- 
way analysis of variance was used to compare all 
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Table 1. Hemodynamic Effects of Desflurane in Dogs With a Moderate Left Circumflex Coronary Artery Stenosis 








Desflurane 
Before After Desflurane Desflurane (BP/HR) 
occlusion occlusion (8.2%) (12.7%) (12.7%) 
Heart rate (beats/min) 98 + 10" 126 +7 134 + 10 121 +9 119 £9 
Mean arterial pressure (mm Hg) 92 t7? 106 + 5 73, # Bt 61 * 2° 103 + 4 
Left ventricular systolic pressure 125 + 3 133 + 3 101 + 3° 87 + 4" 121 + 5° 
(mm Hg) 
Left ventricular end-diastolic 721" 1321 18 + 2° 21+ 3 29 + 37 
pressure (mm Hg) 
+dP/dtsg (mm Hg/s) 1930 + 170 1960 + 80 1530 + 140° 1190 + 150° 1200 + 190° 
LCCA diastolic blood flow 35 +5 4045 38 +7 34 +6 37 + 6 
velocity (Hz x 10°) 
LCCA mean blood flow velocity 2444 30 +5 30 + 6 2644 2645 
(Hz x 10°) 
LCCA segment shortening (%) 15.8 + 3.6 15.9 + 3.3 15.6 + 3.9 14.4 + 3.7 9.3 + 3.1% 
LAD segment shortening (%) 16.8 + 2.7" -0.4 £1.2 -0.6 + 0.5 -0.6 £ 0.5 0.2 +09 
Arterial pH ~ 7.42 + 0.01 7.36 + 0.02 7.39 + 0.01 _ 
Arterial Pco, = 30 + 1 30 + 2 3143 — 
Arterial Po, = 8343 100 + 7° 108 + 64 — 





LCCA, left circumflex coronary artery; BP/HR, blood pressure and heart rate adjusted to “After occlusion” levels via partial aortic constriction and atrial 


pacing; LAD, left anterior descending coronary artery. 
All values are expressed as mean + SEM (n = 6). 


Data in the “Before occlusion” and “After occlusion” groups were obtained in the awake state. 


“Significantly different from “After occlusion” levels (P < 0.05). 


means with the postocclusion control mean within 
one of the two treatments, and three-way analysis of 
variance was used to compare treatments with each 
other. When overall significance was found with 
analysis of variance, treatment means were compared 
by Duncan’s multiple range test and considered sig- 
nificant when P < 0.05. All data are expressed as 
mean + SEM. 


Results 
Progression of Stenosis Development 


All dogs were observed daily until Ameroid constric- 
tion of the left circumflex coronary artery reached a 
moderate (9 + 2 postoperative days) or severe (12 + 
3 postoperative days) degree of stenosis. Left atrial 
injections of adenosine, administered daily to ascer- 
tain the degree of attenuation in coronary reserve 
during left circumflex stenosis, produced minimal 
changes in heart rate and arterial pressure. Sequential 
changes in coronary hemodynamics in both experi- 
mental groups are summarized in Figure 1. Resting 
left anterior descending coronary blood flow velocity 
remained unchanged in all dogs during left circum- 
flex stenosis development. By the final day of moni- 
toring left circumflex stenosis development, dogs 
with a moderate degree of stenosis had no change in 
resting left circumflex blood flow velocity whereas 
dogs with severe stenosis developed a 20% reduction 


in resting flow velocity. In all dogs, left anterior 
descending coronary flow reserve (measured by the 
increase in flow after injection of adenosine), re- 
mained unchanged over the time-course of left cir- 
cumflex stenosis development. In contrast, left cir- 
cumflex coronary flow reserve was significantly 
attenuated in all dogs between the second postoper- 
ative day and the final day of observation (Figure 1). 
The ratio of left anterior descending to left circumflex 
coronary reserve was markedly elevated in all exper- 
iments by the final day of monitoring, further dem- 
onstrating that coronary reserve in the Ameroid- 
constricted vessel was reduced as compared with 
reserve of the normal left anterior descending artery 
(Figure 1). This ratio was significantly greater in dogs 
with a severe left circumflex coronary artery stenosis 
than it was in dogs with moderate stenosis. 


Desflurane and Hemodynamics 


End-tidal concentrations of desflurane administered 
to dogs with moderate left circumflex coronary ste- 
nosis were 8.2% + 1.1% and 12.7% + 1.2%. Concen- 
trations of 9.2% + 0.7% and 12.5% + 0.6% were 
administered to dogs with a severe stenosis. Systemic 
and coronary hemodynamic responses to desflurane 
in dogs with moderate or severe degree of left cir- 
cumflex coronary artery stenosis are summarized in 
Tables 1 and 2. After left anterior descending coro- 
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Table 2. Hemodynamic Effects of Desflurane in Dogs With a Severe Left Circumflex Coronary Artery Stenosis _ 





Desflurane 
Before After Desflurane Desfiurane (BP/HR) 
occlusion occlusion (9.2%) (12.5%) (12.5%) 
Heart rate (beats/min) 103 + 7" 124 + 4 132 +5 113 + 6 117 £3 
Mean arterial pressure (mm Hg) 101 + 4 104.45 7+ & 65 + 6f 107 +5 
Left ventricular systolic pressure 13445 130 + 6 101 + 6* 90 + 6 118 + & 
(mm Hg) 
Left ventricular end-diastolic 741" 101 17 +7 19 + 3* 26 + 7 
pressure (mm Hg) 
+dP/dts, (mm Hgs) 2220 + 130 2090 + 110 1660 + 130" 1360 + 130° 1000 + 120° 
LCCA diastolic blood flow 37 + 5 39 + 5 40 +6 36 +6 39 +6 
velocity (Hz x 102) 
LCCA mean blood flow velocity 28 + 4 28 + 3 28 + 6 25 + 4 28 + 4 
(Hz x 10°) 
LCCA segment shortening (%) 19.4 + 2.9 18.4 + 2.6 15.1 + 2.8 14.1 + 2.0" 10.6 + 1.9% 
LAD segment shortening (%) 16.7 + 4.87 4.2 + 1.6 4.0419 3.5 + 1.8 2.0 + 1.5 
Arterial pH —_ 7.43 + 0.01 7.41 + 0.03 7.40 + 0.02 — 
Arterial Pco, — 2541 28 +2 2941 — 
Arterial Po, — 8G +1 112 t 7 112 + 4" —_ 


LCCA, left circumflex coronary artery; BP/HR, blood pressure and heart rate adjusted to “After occlusion” levels via partial aortic constriction and atrial 


pacing; LAD, left anterior descending coronary artery. 
All values are expressed as mean + SEM (n = 6). 


Data in the “Before occlusion” and “After occlusion” groups were obtained in the awake state. 


“Significantly different from “After occlusion” levels (P < 0.05). 


Table 3. Conscious Control Myocardial Blood Flow in 
Dogs With Moderate or Severe Left Circumflex Coronary 
Artery Stenosis 


Moderate stenosis Severe stenosis 


(n = 6) (n = 6) 
Stenosis zone perfusion 100 + 7 83 + 6* 
(% normal zone flow) 
Stenosis zone endo/epi 1.63 + 0.19 1.15 + 0.17 


Endo/epi, ratio of subendocardial to subepicardial blood flow. 
Values are ed as mean + SEM. 
“Significantly different from moderate stenosis group (P < 0.05). 


nary occlusion, heart rate and left ventricular end 
diastolic pressure increased in all dogs, but mean 
arterial pressure increased only in dogs with moder- 
ate left circumflex stenosis (Table 1). In both the dogs 
with moderate and the dogs with severe stenosis, left 
circumflex diastolic and mean blood flow velocities 
and segment shortening in the left circumflex perfu- 
sion territory remained unchanged after left anterior 
descending coronary artery occlusion. Segment 
shortening in the occluded region, however, was 
markedly reduced in all dogs. 

Desflurane produced concentration-dependent re- 
ductions in mean arterial and left ventricular systolic 
pressures, reductions similar in magnitude in dogs 
with a moderate and those with a severe left circum- 
flex stenosis. After administration of desflurane, 
there was a significant increase in left ventricular 
end-diastolic pressure. The reduction in arterial pres- 


sure produced by desflurane was not accompanied 
by an increase in heart rate. Left ventricular dP/dtso 
was decreased by desflurane and remained reduced 
belew control when arterial pressure and heart rate 
were adjusted to conscious levels. Segment shorten- 
ing in the left circumflex zone was significantly de- 
creased in only the severe stenosis group during the 
high concentration of desflurane, but the decrease in 
function was observed in both groups when systemic 
hemodynamic conditions (arterial pressure and heart 
rate) present during the conscious state were restored 
with aortic constriction and atrial pacing. Left circum- 
flex diastolic and mean coronary blood flow velocities 
and segment shortening in the occluded zone were 
unaffected by administration of desflurane. 


Desflurane and Myocardial Perfusion 


The distribution of coronary blood flow to normal, 
stenotic, and occluded zones in conscious, chroni- 
cally instrumented dogs is summarized in Tables 3-5 
and Figures 2 and 3. In all experiments, perfusion 
distal to the total left anterior descending coronary 
occlusion was reduced in the subepicardium, midmy- 
ocardium, and subendocardium below levels in the 
normal zone. Resting transmural myocardial blood 
flow distal to a severe stenosis but not a moderate 
stenosis also decreased below flow levels in the 
normal zone (Table 3). The ratio of flow between 
subendocardium and subepicardium (endo/epi) was 


CORONARY COLLATERAL FLOW AND DESFLURANE ANESTH ANALG 295 


1991 ;72:289--99 


Table 4. Effects of Desflurane on Regional Myocardial Blood Flow (mL-min~'-g~') in Dogs With a Moderate Left 
Circumflex Coronary Artery Stenosis 








Desflurane Desflurane Desflurane (BP/HR) 
Conscious (8.2%) (12.7%) (12.7%) 
Normal 
Subepicardium 0.81 + 0.04 1.09 + 0.17 1.07 + 0.20 0.93 + 0.08 
Midmyocardium 1.46 + 0.20 1.35 + 0.11 1.31 + 0.20 1.40 + 0.11 
Subendocardium 1.56 + 0.26 1.35 + 0.15 1.17 + 0.14" 1.58 + 0.16 
Transmural 1.28 + 0.16 1.26 + 0.11 1.18 + 0.16 1.30 + 0.09 
Stenotic 
Subepicardium 0.92 + 0.16 0.97 + 0.10 0.98 + 0.19 0.83 + 0.09 
Midmyocardium 1.32 + 0.19 1.06 + 0.06 1.06 + 0.12 1.15 = 0.08 
Subendocardium 1.60 + 0.22 1.15 + 0.09" 1.07 + 0.20" 1.39 + 0.15 
Transmural 1.28 + 0.18 1.06 + 0.06 1.03 + 0.14 1.12 + 0.08 
Occluded 
Subepicardium 0.22 + 0.06 0.08 + 0.03" 0.08 + 0.02" 0.31 + 0.08 
Midmyocardium 0.12 + 0.05 0.03 + 0.01" 0.04 + 0.024 0.06 + 0.02 
Subendocardium 0.16 + 0.05 0.07 + 0.037 0.09 + 0.05* 0.10 + 0.04 
Transmural 0.16 + 0.05 0.06 + 0.017 0.07 + 0.02° 0.16 + 0.04 








BP/HR, blood pressure and heart rate adjusted to “Conscious” levels via partial aortic constriction and atrial pacing. 


All values are expressed as mean + SEM (n = 6). 


“Significantly different from “Conscious” levels with a totally occluded left anterior descending and left circumflex coronary artery stenosis (P < 0.05). 


Table 5. Effects of Desflurane on Regional Myocardial Blood Flow (mL-min™~!-g~') in Dogs With a Severe Left 


Circumflex Coronary Artery Stenosis 








Desflurane Desflurane Desflurane (BP/HR) 
Conscious (9.2%) (12.5%) (12.5%) 

Normal 

Subepicardium 0.92 + 0.14 1.09 14 1.08 + 0.13 0.73 + 0.11 

Midmyocardium 1.28 + 0.15 1.24 13 0.92 + 0.13? 1.08 + 0.13 

Subendocardium 1.37 + 0.16 1.17 13 0.81 + 0.15% 1.24 + 0.14 

Transmural 1.19 + 0.14 1.17 .12 0.84 + 0.13" 1.01 + 0.12 
Stenotic 

Subepicardium 0.90 + 0.14 0.96 + 0.05 0.69 + 0.09% 0.75 + 0.06 

Midmyocardium 1.06 + 0.08 0.97 + 0.15 0.78 + 0,09% 1.07 + 0.08 

Subendocardium 0.92 + 0.10 0.80 + 0.18 0.66 + 0.12% 1.01 + 0.05 

Transmural 0.96 + 0.08 0.91 + 0.12 0.71 + 0.087 0.94 + 0.04 
Occluded 

Subepicardium 0.22 + 0.05 0.11 + 0.037 0.08 + 0.03" 0.35 + 0.07" 

Midmyocardium 0.17 + 0.03 0.04 + 0.01" 0.04 + 0.02? 0.14 + 0.04 

Subendocardium 0.21 + 0.09 0.12 + 0.08" 0.08 + 0.067 0.13 + 0.06 

Transmural 0.20 + 0.06 0.09 + 0.037 0.07 + 0.037 0.21 + 0.06 





BP/HR, blood pressure and heart rate adjusted to “Conscious” levels via partial aortic constriction and atrial pacing. 


All values are expressed as mean + SEM (n = 6). 


“Significantly different from “Conscious” levels with a totally occluded left anterior descending and left circumflex coronary artery stenosis (P < 0.05). 


reduced distal to a severe left circumflex stenosis but 
not in areas distal to a moderate stenosis. 

The influence of desflurane on regional myocardial 
blood flow in dogs with moderate or severe left 
circumflex coronary artery stenosis is summarized in 
Tables 4 and 5 and Figures 2 and 3. In dogs with a 
moderate degree of left circumflex stenosis, adminis- 
tration of desflurane significantly decreased blood 
flow distal to the total left anterior descending occlu- 
sion (Table 4). Blood flow was reduced in only the 
subendocardium of the normal and stenotic zones in 


the moderate stenosis group during desflurane anes- 
thesia. In those experiments with a severe left circum- 
flex stenosis, reductions in blood flow similar to those 
in the moderate stenosis group were produced by 
desflurane in the occluded zone (Table 5). In the 
severe stenosis group, perfusion was significantly 
decreased within the subepicardium, midmyocar- 
dium, and subendocardium of the stenotic zone and 
in midmyocardial and subendocardial regions of the 
normal zone during the high concentration of desflu- 
rane. On restoration of blood pressure and heart rate 
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Figure 2. Ratio of occluded to normal zone or occluded to stenosis 
zone transmural myocardial blood flow during the conscious state 
(C), two concentrations of desflurane (D; 8.2% and 12.7%), and 
with blood pressure and heart rate returned to levels present in the 
conscious state (BP/HR) during the high concentration of desflu- 
rane in dogs with a moderate left circumflex coronary artery steno- 
sis. Significant (P < 0.05) difference from the conscious state 
(mean + SEM data; n = 6). 


to control levels during the high concentration of 
anesthetic using partial aortic constriction and atrial 
pacing, blood flow returned to control in all regions 
regardless of degree of stenosis severity (Tables 4 and 
5). Ratios of blood flow between occluded and normal 
or occluded and stenotic zones were reduced by both 
concentrations of desflurane irrespective of the de- 
gree of left circumflex coronary stenosis (Figures 2 
and 3). Desflurane produced no change in either ratio 
when atrial pressure and heart rate were artificially 
maintained at conscious control levels. 


Discussion 
The effect of desflurane on systemic and coronary 
hemodynamics and regional myocardial perfusion 
was investigated in a chronically instrumented canine 
model of multivessel coronary artery disease. All 
dogs were observed daily to determine the effects of 
progressive left circumflex stenosis development on 
coronary vascular reserve. When the left circumflex 
stenosis reached a moderate or severe level of con- 
striction, the left anterior descending coronary artery 
was totally occluded to produce a model of multives- 
sel coronary obstruction resulting in various degrees 
of regional ischemia. Administration of desflurane 
reduced coronary collateral perfusion when arterial 
pressure and heart rate were uncontrolled, but on 
restoration of conscious systemic hemodynamic con- 
ditions during anesthesia, collateral blood flow was 
maintained at control levels. 

Desflurane is a new volatile anesthetic that may 
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have clinical advantages over the presently used 
agents due in part to its ability to produce rapid 
induction and emergence (23-25), together with min- 
imal metabolic breakdown (26) and limited genera- 
tion of toxic by-products (27). The cardiovascular 
. effects of desflurane have been initially described in 
several reports. A study performed in swine con- 
cluded that the cardiovascular depressive actions of 
desflurane were not distinguishable from those of 
isoflurane (12). However, when administered to hu- 
mans desflurane appeared to reduce systemic vascu- 
lar resistance and mean arterial pressure less than 
isoflurane (13). Desflurane maintained cardiac output 
at conscious levels at concentrations below 1.5 MAC 
at the expense of a significant increase in heart rate 
and reduction in stroke volume. In another study, 
variable concentrations of desflurane with 60% ni- 
trous oxide were administered to volunteers. The 
inspired mixture of agents suppressed tachycardia 
but significantly decreased cardiac output, suggest- 
ing that desflurane may produce greater negative 
inotropic effects than an isoflurane-nitrous oxide 
combination (14). Whereas such studies have exam- 
ined the hemodynamic effects of desflurane in nor- 
mal animals (12,15,16) and humans (13,14,17), the 
action of this anesthetic in animal models of and 
humans with cardiovascular disease has yet to be 
examined. The present investigation is the first to 
focus on the action of desflurane on myocardial blood 
flow in a canine model of multivessel coronary artery 
disease. 

The effects of halothane and isoflurane on myocar- 
dial perfusion in normal or obstructed coronary cir- 
culations have been previously reported (4,5,10,28). 
Isoflurane has been particularly scrutinized in such 
studies because of the coronary vasodilating activity 
that may be associated with coronary steal. Coronary 
steal has been defined as an elevation in blood flow to 
adequately perfused myocardium occurring at the 
expense of flow to a compromised, collateral- 
dependent region (29,30). Vasodilator-induced steal 
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of collateral flow from a totally occluded region most 
readily occurs when a stenosis of the artery of origin 
of the collateral channels is present (31,32). 

Desflurane, like isoflurane, may also possess cor- 
onary vasodilator activity. The present investigation 
sought to determine if desflurane produced vasodi- 
lation of normal zones and any redistribution of 
perfusion away from ischemic areas. A chronically 
instrumented canine model of coronary artery dis- 
ease was utilized in which progressive constriction of 
the artery of origin of collaterals via an Ameroid 
occluder was monitored daily until a moderate or 
severe level of stenosis was achieved. After suitable 
stenosis development, the left anterior descending 
coronary artery was totally occluded to simulate a 
multivessel coronary artery disease condition. No 
acute surgery or baseline anesthesia was necessary 
before administration of desflurane, although anti- 
arrhythmic agents were used to prevent sudden 
death after total left anterior descending coronary 
artery occlusion. Regional myocardial blood flow was 
measured during control conditions in the awake, 
unsedated state and after administration of each of 
two concentrations of desflurane. A final measure- 
ment of tissue flow was performed during the high 
concentration of anesthetic after diastolic arterial 
pressure and heart rate were adjusted to conscious 
levels. 

At the conclusion of each experiment, myocar- 
dium from collateral-dependent regions distal to the 
hydraulic occluder, areas distal to the Ameroid- 
induced stenosis, and normal zones located proxi- 
mally to both devices were selected for comparison of 
regional blood flow. The results demonstrated that 
desflurane had minimal if any vasodilator actions 
on tissue flow in normal areas. Furthermore, desflu- 
rane did not selectively redistribute myocardial 
perfusion from an ischemic region to a normal or 
stenotic zone. Reductions in blood flow to occluded 
and stenotic regions produced by desflurane were 
dependent on alterations of systemic hemodynamics. 
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Figure 3. Ratio of occluded to normal zone or occluded to stenosis 
zone transmural myocardial blood flow during the conscious state 
(C), two concentrations of desflurane (D; 9.2% and 12.5%), and 
with blood pressure and heart rate returned to levels present in the 
conscious state (BP/HR) during the high concentration of desflu- 
rane in dogs with a severe left ci ex coronary artery stenosis. 
*Significant (P < 0.05) difference from the conscious state (mean + 
SEM data; n = 6). 


Perfusion in all regions was increased to levels 
present in the conscious state when arterial pressure 
and heart rate were restored using partial aortic 
constriction and atrial pacing to control postocclusion 
levels. Changes in the ratios of flow between oc- 
cluded and normal or stenotic zones also suggested 
that desflurane does not decrease flow to any region 
preferentially or produce steal during a constant 
aortic pressure and heart rate. Lack of effect of 
desflurane on blood flow to collateral-dependent 
myocardium during control of systemic hemodynam- 
ics was also independent of the severity of the steno- 
sis affecting the artery of origin of the coronary 
collaterals. 

The lack of redistribution of perfusion away from 
subendocardium during desflurane anesthesia with 
a constant aortic pressure and heart rate occurred 
concomitantly with an increase in left ventricular 
end-diastolic pressure. Also, a significant increase 
in left ventricular end-diastolic pressure was ob- 
served with desflurane during a dose-dependent 
decrease in arterial pressure. The latter occurred 
during the pressure-dependent fall in collateral and 
stenotic zone bload flow and conceivably produced a 
net increase in ventricular wall stress. Such an in- 
crease in wall stress may lead to an increase in 
myocardial oxygen demand and may exacerbate 
ischemia. 

A potential limitation of the protocol described in 
this investigation was that no efficacious coronary 
vasodilating agent (such as adenosine or dipyrida- 
mole) was administered to serve as a ‘‘positive_con- 
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model. However, a previous report from this labora- 
tory has documented the validity of the preparation 
described in the present investigation in that adeno- 
sine was demonstrated to produce a marked coronary 
steal (11). In this study, adenosine increased perfu- 
sion of normal myocardium but decreased blood flow 
to the collateral-dependent region, which remained 
reduced during control of arterial pressure and heart 
rate. The effect of isoflurane on the present model 
was also shown to maintain perfusion of all myocar- 
dial zones when conscious systemic hemodynamics 
were restored regardless of left circumflex stenosis 
severity. 

In summary, this investigation has demonstrated 
that desflurane anesthesia does not preferentially 
redistribute myocardial blood flow away from an 
ischemic region in a chronically instrumented canine 
model of multivessel coronary artery disease. Reduc- 
tions in myocardial perfusion during desflurane an- 
esthesia were found to be dependent on systemic 
arterial pressure. The results further demonstrated 
that when hypotension was corrected during desflu- 
rane anesthesia, blood flow to myocardium distal to a 
stenosis or total coronary artery occlusion was main- 
tained at levels present in the conscious state regard- 
less of the degree of coronary artery stenosis of the 
artery of origin of collaterals. 
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Continuous Postoperative Regional Analgesia by Nerve Sheath 
Block for Amputation Surgery—A Pilot Study 


Allan Fisher, MBChB, DObst RCOG, FFARCS, and Yitzhak Meller, MD 


FISHER A, MELLER Y. Continuous postoperative regional 
analgesia by nerve sheath block for amputation surgery—a 
pilot study. Anesth Analg 1991;72:300-3. 


A pilot study of continuous postoperative regional analgesia 
by nerve sheath block for lower limb amputation is pre- 
sented. At the time of exposure of sciatic or posterior tibial 
nerve trunks during above- or below-knee amputations in 
11 patients with ASA physical status III or IV, a catheter 
was introduced directly into the transected nerve sheath for 
continuous infusion of 0.25% bupivacaine at a rate of 
10 mLIh for 72 h. Effective amputation stump analgesia was 
obtained, significantly reducing the need for on-demand 


Regional anesthesia significantly reduces the require- 
ment for postoperative analgesic medication (1,2) and 
diminishes the incidence of long-term phantom pain 
after amputation (3). The prevention by regional 
anesthesia of afferent painful barrage of the spinal 
cord during operation prevents a state of spinal cord 
hyperexcitability responsible for aggravating the per- 
ception of postoperative pain (4). 

The causes of phantom limb pain remain enig- 
matic, although several theories exist (5), and efforts 
to relieve established phantom pain with a wide 
variety of treatments have proved disappointing (6). 
Hence, a simple method of preventing immediate 
postoperative pain and long-term pain after limb 
amputation could be of great practical value. 

We present a preliminary prospective study of 
continuous postoperative regional analgesia (CPRA) 
by nerve sheath block for lower limb amputation, 
achieved by continuous infusion of local anesthetic 
agent directly into the transected nerve sheath. As- 
sessment of the immediate postoperative analgesic 
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narcotic analgesics during this time to a mean dose equiv- 
alent of 1.4 mg of morphine compared with a retrospective 
control group who received the equivalent of a mean dose of 
18.4 mg of morphine (P < 0.0001). No complications 
related to the technique were observed. A follow-up of the 
group recetving continuous postoperative regional analgesia 
for up to 12 mo showed a total absence of phantom pain 
despite the presence of preoperative limb pain. 

Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—continuous nerve sheath block. PAIN, 


POSTOPERATIVE—phantom limb. SURGERY, _ 
AMPUTATIONS—lower extremity. 





effect and follow-up of the occurrence of phantom 
limb pain are reported. 


Methods 


After approval by the Hospital Ethical Committee, 
informed consent was obtained from 11 consecutive 
oriented and cooperative patients, all ASA physical 
status III or IV, scheduled for lower limb amputation 
because of septic gangrene due to occlusive vascular 
disease; six patients suffered from diabetes mellitus. 
All patients had moderate to severe limb pain pre- 
operatively for a period ranging from several weeks 
to months. Under general anesthesia, above-knee 
amputation was performed in four patients, and 
below-knee amputation in seven. Intraoperatively, 
the transected sciatic or posterior tibial nerve trunk 
was dissected out in the exposed above- or below- 
knee amputation stump, respectively; and the distal 
end of an 18-gauge epidural catheter was inserted 
5 cm along the transected nerve trunk, then sutured 
in place to the nerve sheath and subcutaneous tissues 
with abscrbable sutures. The proximal end of the 
catheter was led through the skin through a separate 
lateral incision and was sutured to the skin; all 
internal sutures were loose enough to allow easy 
withdrawal of the catheter at the end of its use. At 


A. 


NERVE SHEATH BLOCK ANALGESIA 


Table 1. Postoperative Parenteral Narcotic Analgesics 
Administered to Continuous Postoperative Regional 
Analgesia and Control Groups and Their Equipotent 
Doses of Morphine 


Equipotent dose 
Dose of morphine 
Name (mg) (mg) 
Pentazocine 30-60" 10 
Oxycodone 10~15° 10 
Meperidine 75-100 10 


“In this study the upper dose in each range was taken as equipotent to 
10 mg of morphine. 


this time (~30 min before the end of the operation), 
an initial dose of 20 mL of 0.25% bupivacaine was 
injected through a bacterial filter attached to the 
catheter’s proximal end, and a 10-mL/h infusion of 
0.25% bupivacaine was started. The operation was 
completed, and the wound closure was performed. 
Bupivacaine (0.25%) was infused through the filter at 
a constant rate of 10 mL/h for 72 h postoperatively 
after which the catheter was withdrawn. The patients 
were closely supervised for early signs of bupivacaine 
intoxication such as drowsiness, facial paresthesia, or 
visual or auditory disturbance. 

During this time, patients received intramuscular 
injections of meperidine as required on demand from 
the nursing staff. The amount of postoperative anal- 
gesic administered was used as an index of pain 
experienced. 

During hospitalization, and at monthly intervals 
for 6 mo and then every 3 mo for up to a year after 
amputation, these patients were questioned by the 
same surgeon for the presence of phantom pain or 
other complications. Phantom pain was defined as 
the presence of painful sensations referred to the lost 
body part (7), and the patient was specifically ques- 
tioned about this at each postoperative visit. 

A retrospective control group of 20 patients who 
had received only parenteral narcotic analgesics on 
demand postoperatively after lower limb amputation 
was studied for comparison. All patients had suffered 
from septic gangrene due to occlusive vascular dis- 
ease, and eight were diabetic. This group was used 
for comparison with the CPRA group regarding the 
amount of postoperative analgesics administered on 
demand in the first 72 h. Table 1 shows the analgesics 
used and their ranges of doses equivalent to 10 mg of 
morphine (8). In this study, the upper dose in each 
range was taken as equivalent to 10 mg of morphine, 
and all analgesic doses were converted to equipotent 
doses of morphine to facilitate comparison. 

As it was not possible to obtain reliable informa- 
tion regarding phantom pain from this retrospective 
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Table 2. Age Distribution of Patients in the Continuous 
Postoperative Regional Analgesia and Control Groups 


CPRA group P 
Amputation Mean Range n Mean Range n value 


Below knee 66.8 5475 7 652 50-733 16 0.69 
Above knee 77.8 72-3 4 73.5 69-80 4 0.32 
Total 70.8 5483 11 669 50-80 20 0.21 





Control group 


CPRA, continuous postoperative regional analgesia. 
Patients’ ages (means and ranges) are in years. 


Table 3. Total Parenteral Narcotic Analgesics 
Administered in the First 72 Hours Postoperatively 


CPRA group 
Amputation Mean Range n Mean Range n P value 


Below knee 2.1 O-10 7 15.9 10-45° 16 0.0015 
Above knee 0 4 28.1 20-30 4 0.068 
Total 14 O10 11 184 10-45 20 0.0001 


Control group 


CPRA, continuous pcstoperative regional anal; 
Mean and range are given as equivalent to milans of morphine. 


group of controls, direct comparison of the incidence 
of phantom pain between CPRA and control group 
awaits a prospective randomized study. 

Statistical analysis was performed with the SAS 
Statistical Analysis Package (SAS Institute Inc., Cary, 
N.C.). Comparison between means was performed 
using the Student's t-test assuming unequal vari- 
ances. Fourfold tables were analyzed with the two- 
tailed Fisher’s exact test. 


Results 


The CPRA and control groups were similar with 
regard to age (Table 2), to disease (septic gangrene 
due to peripheral vascular disease), and to operation 
performed (lower limb amputation). Table 2 shows 
means and ranges of patient ages in the CPRA and 
control groups (overall 70.8 and 66.9 yr, respectively; 
P = 0.21). 

Table 3 shows the means and ranges of narcotic 
analgesics converted to equipotent doses of mor- 
phine administered parenterally on demand in the 
first 72 h postoperatively in the CPRA and control 
groups. The mean morphine equivalent requirement 
in the CPRA and control groups in below-knee am- 
putation were 2.1 and 15.9 mg (P = 0.0015); in 
above-knee amputation, 0 and 28.1 mg (P = 0.068); 
and overall 1.4 and 18.4 mg (P < 0.0001), showing a 
highly significant reduction in narcotic analgerie re- 
quirement in the CPRA group. 
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Table 4. Length of Follow-up for Phantom Pain in the 
Continuous Postoperative Regional Analgesia Group 








Length of follow-up Amputation No. of patients 
2 mo Above knee 2 
lyr Below knee 7 
lyr Above knee 2 





No complications were observed as a result of the 
technique. Wound healing was good, no local or 
systemic infection occurred related to the catheter, 
and there were no clinical signs of bupivacaine intox- 
ication. No patient required bladder catheterization 
as a result of the CPRA technique. 

Follow-up of all 11 patients treated by CPRA 
showed total absence of phantom pain; two patients 
died after 2 mo and nine patients were observed for a 
year (Table 4). Two patients mentioned occasional 
paresthesia, which did not disturb them. 


Discussion 


This feasibility study shows CPRA by nerve sheath 
block during amputation operation to be a simple 
technique providing excellent postoperative amputa- 
tion-stump analgesia and eliminating or significantly 
reducing the need for supplementary narcotic anal- 
gesics. This avoids the well-known side effects of this 
group of drugs, particularly in elderly patients with 
poor general condition frequently seen for amputa- 
tion. The decrease in immediate postoperative pain in 
the 11 CPRA patients was also associated with the 
absence of phantom limb pain for up to 1 yr after 
amputation in all 11 patients, all of whom had suf- 
fered significant preoperative limb pain for weeks to 
months. 

Phantom pain is a troublesome phenomenon oc- 
curring in up to 85% of amputees and is characteris- 
tically resistant to a variety of treatments (6). Early 
phantom pain is also associated with the presence of 
preoperative limb pain (9). A report by Bach et al. (3) 
represents an effort to prophylactically reduce phan- 
tom pain by administering epidural analgesia pre- 
operatively for 3 days, with a reported reduction in 
phantom pain in the first year. Continuous postop- 
erative regional analgesia by nerve sheath block ap- 
pears to prevent occurrence of phantom pain, at least 
for a year, and is administered from the time of its 
initiation intraoperatively and continued during the 
postoperative period, hence saving the time neces- 
sary for preoperative treatment (3). In addition, none 
of the CPRA patients required bladder catheterization 
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as a result of the technique itself or experienced other 
side effects associated with epidural analgesia, such 
as hypotension or reduced sensation and motor 
power, 

No single cause has been found to satisfactorily 
explain phantom pain, and it seems likely that a 
complex multifactorial interaction operates involving 
peripheral nerves, central nervous system, and sym- 
pathetic system, with possible psychological overlay 
(5). Peripheral injury has been demonstrated to cause 
increased excitability of the spinal cord (10,11), and 
dorsal horn neuron response can be prolonged and 
increased by afferent C fiber stimulation (12). Periph- 
eral nerve transection in particular results in afferent 
barrage that initiates spinal cord reflex excitability (13) 
with expansion of the receptive fields of dorsal horn 
neurons that respond to the nearest intact afferents 
(11). Wall (4) has suggested that the rationale of use 
of regional block to prevent bombardment of the 
central nervous system during operation lies in 
avoidance of spinal cord hyperexcitability and in 
reduction of postoperative pain. Reports of the effec- 
tiveness of local or regional anesthesia before opera- 
tion in reducing the incidence and the severity of 
short- and long-term postoperative pain support this 
theory (1-3). 

Continuous regional block has been described in 
the past both for the upper limb (14-17) and the lower 
limb (18,19) for intraoperative and postoperative use. 
Continuous postoperative regional analgesia by 
nerve sheath block after amputation is a method of 
continuous regional block of transected peripheral 
nerve that provides excellent analgesia during the 
duration of the block. Its mechanism of action in 
eliminating phantom pain for up to a year in the 
group studied may be related to modification of 
spinal cord excitability by prolonged block of periph- 
eral afferent nociceptive impulses. As the technique 
involves administration of the block intraoperatively 
after amputation of the leg and transection of the 
nerves, peripheral injury has already occurred by the 
time the block is instituted. Hence, the situation is 
not identical to that suggested by Wall (4) and is 
supported by the evidence available (1-3) in which 
preoperative nerve block may prevent the occurrence 
of nociceptive bombardment of the central nervous 
system. In CPRA, it is possible that the prolonged 
block administered intraoperatively soon after the 
periphera! trauma of amputation and continued into 
the postoperative period may modify and reduce the 
hyperexcitability response of the spinal cord. This 
technique may be applicable intraoperatively to other 
nerve sheaths exposed by surgical dissection. 

Satisfactory clinical analgesia of the amputation 
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stump was obtained with CPRA by nerve sheath 
block of the sciatic nerve in above-knee amputation 
despite the fact that sensory innervation of the ante- 
rior aspect of the thigh comes from the femoral nerve. 
This, together with the large amount of bupivacaine 
solution infused, raises the question of the extent of 
spread of the local anesthetic solution and the extent 
of the block obtained. These and the resulting blood 
levels of bupivacaine remain to be investigated. 

On the basis of this pilot study, CPRA appears to 
be a promising technique in amputation surgery 
because of the decreased need for postoperative 
narcotic analgesics and because of the absence for at 
least a year of phantom limb pain with which it is 
associated. Further detailed investigation is required, 
and to this end, a double-blind multicenter trial is 
planned. 


We are grateful to Professor T. Gesztes and Dr. G. Gurman, 
Division of Anesthesiology; Professor S. Dekel, Department of 
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study. We also thank Margaret Helfgott-Fisher for typing the 
manuscript. 
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Patient-Controlled Sedation During Epidural Anesthesia 
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PARK WY, WATKINS PA. Patient-controlled sedation 
during epidural anesthesia. Anesth Analg 1991;72:304-7. 


The purpose of this study was to evaluate the feasibility and 
advantages or disadvantages, if any, of patient-controlled 
sedation compared with sedation administered by the anes- 
thesiologist during surgical epidural anesthesia. Forty pa- 
tients were divided at random into two groups with 20 
patients in each group. Patients in group 1 received 0.5-1.0 
mg intravenous midazolam and 25-50 wg intravenous 
fentanyl in increments administered by the anesthesiologist 
to achieve intraoperative sedation; patients in group 2 
self-administered a mixture of midazolam (0.5 mg) and 
fentanyl (25 pg) in increments using an Abbott Lifecare 
PCA infuser to achieve sedation. Demographics of the 
patients, the types of surgery performed, doses of midazo- 
lam and fentanyl administered in a given period of time, 
and the level of sedation maintained during epidural anes- 
thesia and surgery were similar in both groups. Patients in 


Successful epidural anesthesia requires not only in- 
traoperative relief of pain but also an adequately 
sedated, cooperative patient. To allay fear and anxi- 
' ety and to ease any discomfort associated with the 
performance of the epidural block and/or the surgical 
procedure, sedatives and narcotics are often admin- 
istered intravenously in the operating room by the 
anesthesiologist (1). It has been our clinical experi- 
ence that, because of wide individual variations in 
response to sedatives and narcotics, over- or under- 
sedation is not infrequent. In addition, there is con- 
siderable variation in the level of sedation desired by 
different patients. An occasional patient requests that 
he be fully awake during the entire procedure. Other 
patients request heavy sedation with total amnesia 
for the event. 

In recent years, patient-controlled analgesia (PCA) 
has become popular for postoperative pain control 
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the self-administered group, however, rated their level of 
comfort during anesthesia and surgery higher than did 
these in the anesthesiologist-controlled sedation group. This 
could have been due to a positive psychological effect 
preduced by allowing patients to feel that they have some 
control over their situation. The findings of this study 
indicate that patient-controlled sedation using a combina- 
tion of midazolam and fentanyl is a safe and effective 
technique that provides intraoperative sedation ranked bet- 
ter by patients than that provided by anesthesiologists using 
the same drugs. More studies are, however, needed to 
determine the best choice of drug(s), the doses, the lock-out 
intervals, and the possible use of continuous infusion with 
patient-controlled sedation. 


Key Wards: ANESTHETIC TECHNIQUES, 
EPIDURAL ANESTHESIA. HYPNOTICS, PATIENT- 
CONTROLLED SEDATION. 


(2,3). There is evidence that the pain can be better 
controlled by the self-administration of small, repet- 
itive, on-demand, intravenous doses of narcotics us- 
ing a PCA infuser than by the traditional timed 
intramuscular administration of these drugs (4-6). It 
has been also reported that midazolam can be given 
using a PCA infuser to provide anxiolysis in the 
intensive care unit (7). A logical extension of this form 
of analgesia or anxiolysis is to allow patients to find 
and maintain their own steady state of sedation by 
self-administration of sedatives and/or narcotics dur- 
ing surgery. This study was designed to evaluate the 
feasibility and advantages or disadvantages, if any, of 
patient-controlled sedation (PCS) compared with se- 
dation provided by an anesthesiologist during sur- 
gery performed under epidural anesthesia. 


Methods 


Forty patients scheduled to have epidural anesthesia 
for proposed elective surgery of lower extremities or 
lower abdomen and who had no history of narcotic 
abuse were investigated. Patients were divided 
equally into two groups at random with 20 patients in 
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each group. For sedation during anesthesia and sur- 
gery, patients in group 1 were given midazolam and 
fentanyl administered intravenously in divided doses 
at the discretion of the anesthesiologist. Patients in 
group 2 self-administered a mixture of midazolam 
and fentanyl intravenously using a PCA infuser. 

Permission to conduct this study was obtained 
from the hospital’s research review committee. After 
obtaining informed consent, patients were premedi- 
cated with 5-10 mg diazepam and/or 5-10 mg mor- 
phine. Morphine was administered intramuscularly 
and diazepam was administered either orally or in- 
tramuscularly approximately 1 h before surgery. On 
arrival in the operating room, the degree of sedation 
from premedication was rated jointly by the anesthe- 
siologist assigned to the case and by the investigator 
using the “Sedation Scale” (1-10, 1 = fully awake; 
5 = moderate sedation: resting comfortably with eyes 
closed but responsive to verbal stimuli; 10 = heavy 
sedation: unresponsive to verbal stimuli but respon- 
sive to gentle tactile stimuli). An intravenous cannula 
was inserted and a blood pressure cuff, electrocardio- 
gram electrodes, and a pulse-oxymetry probe were 
applied. If indicated, the anesthesiologist adminis- 
tered 0.5-1.0 mg midazolam and/or 25-50 yg fentanyl 
in increments intravenously in group 1 patients be- 
fore performing the epidural block. Midazolam was 
administered for sedation, and fentanyl was used to 
treat pain (or discomfort). Patients in group 2, on the 
other hand, self-administered a mixture of midazo- 
lam and fentany] in 2.5-mL increments (each milliliter 
containing 0.2 mg midazolam and 10 yg fentanyl) as 
desired using an Abbott Lifecare PCA infuser (Abbott 
Laboratories, North Chicago, Ill.). The PCA infuser 
was programmed to allow self-administration of 
2.5 mL of the mixture of midazolam and fentanyl 
with a minimum of a 5-min obligatory lock-out inter- 
val between consecutive doses. 

When the patient was adequately sedated, he or 
she was placed in the lateral decubitus position on a 
horizontal operating room table. A #17 Tuohy needle 
was introduced through the second or third lumbar 
intervertebral space, and the epidural space was 
identified using “loss of resistance” technique. With 
the bevel of the needle pointing cephalad, 3 mL of 
1.5%-2.0% lidocaine or 0.5% bupivacaine, both with 
epinephrine (1:200,000), was injected. After 1 min, if 
there was no evidence of inadvertent subarachnoid or 
intravenous injection of the drug, an additional 
amount of the same local anesthetic was injected at 
the approximate rate of 1.0 mL/s. An epidural cathe- 
ter was inserted if indicated, and the patient was then 
positioned for surgery. Oxygen (3 L/min) was admin- 
istered by nasal cannula in the operating room. 
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Table 1. Demographics of the Study Patients 





Group 1 Group 2 

in = 20) (n = 20) P 
Age (yr) 59.6 + 16.7 56.3 + 10.4 NS 
Height (cm) 173.6 + 8.1 172.5 + 7.9 NS 
Weight (kg) 73.5 + 14.8 79.8 + 13.9 NS 


Values are expressed as mean + sD. 
Group 1, anesthesiclogist-controlled sedation; group 2, patient- 
controlled sedation; NS, not significant. 


Skin incision was made only after confirming the 
presence of an adequate level and intensity of epid- 
ural anesthesia for the proposed surgery. During the 
surgery, patients in group 1 had midazolam admin- 
istered intravenously in increments for sedation and 
fentanyl to treat discomfort (or pain) as determined 
by the anesthesiologist. Patients in group 2 self- 
administered a mixture of midazolam and fentanyl 
using a preprogrammed Abbott PCA infuser. At the 
end of surgery the total doses of midazolam and 
fentanyl given were calculated and the overall ade- 
quacy of the sedation during surgery was rated 
jointly by the anesthesiologist assigned to the case 
and the investigator using the aforementioned seda- 
tion scale. The patient was observed for any of the 
following complications during the study: (a) respi- 
ratory rate <6 breaths/min; (b) oxygen saturation 
<90% when nasal oxygen was administered at 
3 L/min; (c) hypotension (systolic pressure <70 mm 
Hg); (d) nausea or vomiting; (e) restlessness and 
excitement; and (f) headache. 

On the first postoperative day patients were asked 
to rate the overall comfort they had experienced in 
the operating room using the “Comfort Scale” (1-10, 
1 = very uncomfortable; 5 = moderately comfortable; 
10 = very comfortable). The degrees of the sedation 
and comfort were compared statistically between the 
two groups using ridit analysis (8) and other results 
using unpaired Student’s t-test. Differences were 
considered to be statistically significant when the 
probability value was <0.05. 


Results 


Epidural anesthesia was adequate for the surgery in 
all 40 patients. Demographics of the patients and the 
types of surgery performed were similar in both 
groups (Tables 1 and 2). The level of sedation from 
premedication, doses of midazolam and fentanyl 
administered in a given period of time, the level of 
sedation maintained during anesthesia and surgery, 
and the duration of anesthesia and surgery were also 
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Table 2. Types of Surgery Performed During the Study 
Number of patients 


Group 1 Group 2 

(n = 20) (n = 20) 
Orthopedic hip/knee 9 7 
Urologic prostate/urethra 4 7 
Inguinal hernia repair 3 5 
Vascular, lower extremities 4 1 


Group 1, anesthesiologist-controlled sedation; group 2, patient- 
controlled sedation. 


Table 3. Comparison of Clinical Data Between Two 
Groups of Patients 


Group 1 Group 2 
(n = 20) (n = 20) P 
Median Sedation Scale 2.0 3.0 
(1-10) after premedication 
(mean ridit score) (0.48) (0.51) NS 
Midazolam (mg) 3.3415 3.6+2.5 NS 
(range) (1-8.5) (0-10) 
Fentanyl (mg) 0.12 + 0.05 0.18+013 NS 
(range) (0.05-0.2) (0-0.5) 
Duration of anesthesia and 196.4 + 69.4 218.4 + 112.9 NS 
surgery (min) 
Median Sedation Scale 55 | 6.0 


(1-10) during surgery - 
“(mean ridit score) (0.44) (0.55) NS 
Median Comfort Scale 8.0 10.0 
(1-10) during surgery 


(mean ridit score) (0.31) (0.59)  <0.01 


Values are expressed as mean + sp, Group 1, anesthesiologist-controlled 
sedation; group 2, patient-controlled sedation; NS, not significant. 


similar in both groups (Table 3). Patients in the PCS 
group, however, rated their level of comfort during 
anesthesia and surgery higher than did the patients 
in the anesthesiologist-controlled sedation group (Ta- 
ble 3). There were wide individual variations in the 
level of sedation maintained by patients within the 
PCS group. One patient in each group developed 
hypotension (systolic pressure <70 mm Hg) after 
epidural injection of the local anesthetic, which was 
corrected by an intravenous administration of 10- 
2) mg ephedrine. Despite the administration of oxy- 
gen (3 L/min) by nasal cannula, oxygen saturation 
decreased below 90% from an initial level of 96% in 
one patient in the PCS group after self-administration 
of 2.5 mg midazolam and 125 ug fentanyl. Oxygen 
saturation in this patient increased to 97% when 
oxygen (3 L/min) was administered by mask. 


Discussion 


Despite the fact that comparable doses of midazolam 
and fentanyl were used in both groups, patients in 
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the PCS group indicated by their ratings on the 
comfort scale that they were more comfortable intra- 
operatively than patients to whom the drugs were 
administered at the discretion of the anesthesiologist. 
It seems likely that this difference could be attributed 
to the positive psychological effect of allowing the 
patients to feel that they have some control over their 
situations. The majority of the patients in the PCS 
group liked the idea of being allowed to find and 
maintain the level of sedation themselves. 

The level of sedation provided by the anesthesiol- 
ogist was most often moderate and similar in all 
patients. On the. other hand, the level of sedation 
maintained by patients in the PCS group showed 
wide individual variations. Whereas some patients 
stayed fully awake, not using any sedatives, others 
pressed the button of the infuser until they fell asleep 
and pressed the button whenever they woke up from 
the sleep. It is, however, important to note a “fail- 
safe” feature in that the administration of an over- 
dose was prevented by the inability of the patient to 
activate the infuser when asleep from heavy seda- 
tion. 

In one patient in the PCS group, oxygen saturation 
decreased to 90% after self-administration of a com- 
bination of midazolam and fentanyl without any 
significant changes in blood pressure and/or respira- 
tory rate; this decrease in saturation was corrected by 
administration of oxygen (3 L/min) by mask. Both 
midazolam and fentanyl are known to depress respi- 
ration (9-12). It has been reported that sympathetic 
blockade during epidural anesthesia attenuates the 
cardiovascular response to severe hypoxia (13), and 
that the respiratory depression (hypoxia and hyper- 
carbia) produced by intravenous administration of 
sedatives and/or narcotics may have been responsible 
in one study for the cardiac arrests that occurred 
during spinal anesthesia (14). We recommend, there- 
fore, that oxygen saturation be monitored whenever 
sedatives and/or narcotics are administered intrave- 
nously during epidural or spinal anesthesia. 

The ideal PCS agent(s) would be drugs with rapid 
onset and moderate duration of action without ad- 
verse side effects. The combination of midazolam and 
fentanyl has an onset 2-3 min after intravenous 
administration and a duration of approximately 30- 
60 min, which we considered ideal. However, the 
possibility of respiratory depression is always present 
with this combination of drugs, even though it is a 
rare occurrence. This respiratory depression (often 
accompanied by arterial desaturation) is believed to 
be due to fentanyl (15). The question is, then, 
“Should we use fentanyl in addition to midazolam?” 
It has been our clinical impression that with a suc- 
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cessful regional anesthesia and a short surgical pro- 
cedure, midazolam provides adequate sedation. 
However, when regional anesthesia is not complete 
and the patient retains some pain perception or when 
the surgical procedure lasts longer than 2-3 h, the 
patient tends to become restless with midazolam 
sedation only. Lying in one position for an extended 
time results in the unblocked parts of the body 
becoming a source of discomfort and restlessness. In 
this situation, addition of a narcotic such as fentanyl 
is desirable. 

In summary, the findings of the study indicate that 
PCS, using a combination of midazolam and fenta- 
nyl, is a safe and effective technique for intraopera- 
tive sedation that provides what patients consider to 
be sedation better than that provided by an anesthe- 
siologist. However, more studies are needed to de- 
termine the best choice of the drug(s), the doses, the 
lock-out intervals, and the possible use of a continu- 
ous infusion with PCS. 


We thank Kelvin K. Lee, PHD, for his valuable assistance with data 
analysis. 
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Role of Experience in the Response to Simulated Critical Incidents 


Abe DeAnda, MD, and David M. Gaba, MD 


DgANDA A, GABA DM. Role of experience in the 
response to simulated critical incidents. Anesth Analg 
1991;72:308-15. 


Eight experienced anesthesiologists (faculty or private prac- 
titioners) were presented with the same simulated critica 
incidents that had previously been presented to 19 anesthe- 
sia trainees. The detection and correction times for these 
incidents were measured, as was compliance with Advanced 
Cardiac Life Support (ACLS) guidelines during cardiac 
arrest, and the occurrence of unplanned incidents. Experi- 
enced personnel tended to react more rapidly than did 
trainees, but differences between second-year anesthesia 
residents (CA2) and experienced anesthesiologists were not 
statistically significant. There was a high variability in 
performance between incidents and within each group. 


The response of the anesthesiologist to undesirable 
events during anesthesia is a critical factor in protect- 
ing the anesthetized patient. Cooper et al. stated (1) 
that anesthesiologists act as though “risk manage- 
ment depends almost solely on the anesthetist’s 
ability to react instinctively and flawlessly every time 
a problem arises.” We have previously reported that 
anesthesia trainees do not always act instinctively 
and flawlessly when confronted with simulated crit- 
ical incidents (2), and that they cause or encounter a 
number of additional incidents in the course of man- 
aging the simulated patient (3). In this study we 
investigated the response of fully trained anesthesi- 
ologists to the same case scenario and the same 
critical incidents previously confronted by trainees. 
The results of this study and their comparison with 
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Unplanned errors and management flaws still occurred 
with experienced subjects. 

The response to incidents during anesthesia is a complex 
process that involves multiple levels of cognitive activity 
and is vulnerable to error regardless of experience. Most 
trainees seemed to acquire adequate response routines by the 
end of the CA2 year. Formal reasoning appeared to play a 
minor roie in responding to intraoperative events, but the 
exact nature of the anesthesiologist’s cognition remains to 
be thoroughly investigated. 


Key Words: ANESTHESIOLOGISTS, EXPERIENCE 
AND RESPONSES TO CRITICAL INCIDENTS. 
EDUCATION, smmuLaTors—experience and 
responses to critical incidents. 


those of the trainee studies should provide insights 
into the role of experience in handling critical inci- 
dents, as well as the common limitations of human 
decision making regardless of experience. 


Method 


Members of the full-time faculty and voluntary clini- 
cal faculty (private practitioners) of the Anesthesia 
Departments, Stanford University Hospital and Palo 
Alto Veterans Administration Medical Center, were 
invited to participate in this study. Eight volunteers 
(five faculty, three private practitioners) gave written 
informed consent (as approved by the Human Sub- 
jects Committee) and participated over a 2-mo pe- 
riod. All volunteers were “generalists” whose prac- 
tice was not limited to specific subspecialties, and 
whose practice included anesthesia for cardiovascular 
surgery. The average level of postresidency experi- 
ence was 15.8 yr (range, 7-35 yr). Because we were 
interested in comparing these experienced practition- 
ers with the resident subjects of the prior investiga- 
tions (2,3), we used the same CASE 1.2 simulator (4), 
and the same scenario involving a 1.5-2-h head-and- 
neck precedure. As previously described, the sce- 
nario included six planned intraoperative events: 
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short airway hoses, endobronchial intubation sec- 
ondary to head manipulation, intravenous (IV) line 
occlusion, acute atrial fibrillation, airway disconnec- 
tion, and ventricular fibrillation. 

The CASE 1.2 simulator has previously been de- 
scribed in detail (4). In brief, the simulator uses a real 
operating room including fully functional patient 
monitors. An intubation/thorax mannequin is used as 
the patient and includes an arm with palpable veins 
for intravenous access. A central computer is used to 
control the simulator, with inputs to the monitors 
being predetermined from a script and altered in 
real-time by the simulator operator. Subjects were 
instructed to “think aloud,” and a videocamera was 
used to tape the simulation as well as the debriefing 
session that immediately followed it. 


Data Collection 


The response times for the detection and initiation of 
corrective action for each planned event were re- 
corded by reviewing the videotapes. Detection was 
defined as the time from the onset of the event until 
the subject’s first observation that an unexpected 
event had occurred. We relied on the subject’s verbal 
observation in most cases. However, in instances 
where the subject did not “think aloud” sufficiently 
well, we considered detection to occur when the 
following two criteria were met: (a) the subject ap- 
peared to begin a context-appropriate action (for 
instance, looking at the electrocardiogram [ECG] 
monitor during atrial fibrillation), and (b) during the 
debriefing session we were able to verify the reason 
for the action. The correction time was defined as the 
time from the onset to initiating the performance of 
one of the predefined correction criteria related to 
that event. The subject verbally acknowledged the 
reason for the action either during simulation or 
retrospectively during debriefing. If a predefined 
appropriate corrective action was performed, credit 
was given whether or not the correct diagnosis had 
been made. The information and methods used by 
the subject in making the correct diagnosis were also 
recorded where possible. The latency time was calcu- 
lated as the difference between the detection time and 
the correction time. 


Unplanned Incidents 


The recording method used with the CASE simulator 
has been previously shown to be a sensitive means of 
identifying inadvertent events during simulation (3). 
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A modified critical incident technique (5) was used to 
categorize these occurrences. Criteria formulated in our 
earlier study (3) were used to categorize unplanned 
incidents as due to human error, equipment failure, 
unknown cause, or fixation error. As we previously 
described (3), fixation errors are a distinct type of 
human error involving persistent fixation of attention 
away from the most critical problem. 


Analysis 


The data were stratified by level of anesthesia train- 
ing (first-year anesthesia resident [CA1], second-year 
anesthesia resident [CA2], and experienced). For 
statistical analysis, the eight experienced subjects 
were considered a single group, although Figure 1 
shows them separated into faculty and private prac- 
titioner subgroups. The number of individuals in 
each subgroup was too small to allow hypothesis 
testing. The data were analyzed for each event using 
the F,,,,-test of homogeneity of variances (6). The 
nonparametric Kruskal-Wallis test was used to com- 
pare groups on a particular event where variances 
between groups were found to be heterogeneous. A 
one-way analysis of variance was performed where 
variances remained homogeneous across groups for 
the event analyzed. The distribution of each category 
of unplanned incident, as well as the results from the 
short airway hose planned event, was analyzed using 
the R x C tests of independence with Williams’ 
correction (6). Significance was considered at P < 
0.05. 


Results 
Response to Planned Incidents 


Short airway hoses. One experienced subject did 
not recognize the need for longer breathing circuit 
hoses before turning the operating room table 180°. In 
that case the subject recognized the need for longer 
hoses less than 30 s after initiating the turn, thereby 
making the likelihood of an adverse patient outcome 
low. These results were not statistically different from 
results obtained in the resident groups, although 9 of 
19 residents did not recognize the need before turning 
the table. 


Endobronchial tntubation. A single experienced 
practitioner failed to detect the endobronchial intuba- 
tion, even after noting asymmetrical breath sounds 
on auscultation, a decrease in tidal volume, and an 
increase in end-tidal carbon dioxide. Instead, this 
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Figure 1. Detection time (open circles) and correction time (filled 
circles) for four planned incidents (A-~-endobronchial intubation; 
B—IV line occlusion; C—atrial fibrillation; D—airway disconnec- 
tion), Each subject is shown stratified by level of anesthesia 
experience. Subjects with similar response times will overlap and 
appear as a single circle. Note that each incident has a different 
scale for response times. CA2 residents and experienced anesthe- 
siologists responded more rapidly than did CAI residents, but 
experienced personnel did not respond significantly faster than did 
CA2 residents. There was no apparent systematic difference be- 
tween faculty and private practitioners. 


anesthetist chose to treat the patient for broncho- 
spasm, despite repeated assurances from the simula- 
tion director that the asymmetric breath sounds were 
not an artifact of the mannequin. Subjects who rec- 
ognized endobronchial intubation used three tech- 
niques: three subjects noted a change in breath 
sounds via the esophageal stethoscope, two subjects 
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observed an increase in the peak respiratory pres- 
sure, and two subjects noted an acute decrease in 
tidal volume (caused by the higher peak inspiratory 
pressure). Four of the subjects confirmed the diagno- 
sis by auscultation of the chest; the other three relied 
on direct observation of the tube placement and a trial 
of repositioning the tube. 

The response times for endobronchial intubation 
are shown in Table 1 and Figure 1A. The variances 
between groups were homogeneous except in the 
case of detection time, and the differences between 
groups were not statistically significant. 


Intravenous line occlusion. Three of the eight sub- 
jects detected the occluded IV line before the detec- 
tion of the next event (atrial fibrillation). The juxta- 
position of these two events required a functional IV 
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Table 1. Detection and Correction of Planned 


ANESTH ANALG 311 
1991;72:308-15 


Table 3. Detection and Correction of Planned 














Endobronchial Intubation Atrial Fibrillation 
Level of Detection Correction Latency Level of Detection Correction Latency 
training time (s) time (s) time (s) training time (s) time (s) time (8) 
CA1 137 + 180 622 + 376 485 + 341 CAI 176 + 199 407 + 89" 231 + 180 
CA2 72 + 90 484 + 347 412 + 350 CA2 39 + 26 318 + 140° 279 + 143" 
Experienced 46 + 32 471 + 370 425 + 360 Experienced 31 + 45 135 + 149 104 + 113 


CAI, first-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents; experienced, full-time anesthesia faculty or private 
practitioners. 


Table 2. Detection and Correction of Planned 
Intravenous Line Occlusion 


Level of Detection Correction Latency 
training time (8) time (s) time (s) 
CAI 281 + 298 484 + 345 203 £ 245 
CA2 191 + 241" 244 + 247 53 + 32 
Experienced 474 + 284° 509 + 273 35 + 26 


CAI, first-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents; experienced, full-time anesthesia faculty or private 
practitioners. 

“P < 0.05, CA2 versus experienced. 


line before the administration of intravenous medica- 
tions for the treatment of atrial fibrillation. Two of the 
subjects detected the occlusion only after attempting 
to administer intravenous medication for the treat- 
ment of atrial fibrillation and hypotension. Surpris- 
ingly, three of the subjects did not detect the occlu- 
sion until the cardiac arrest despite attempting to 
treat the intervening atrial fibrillation with intrave- 
nous medication. 

Table 2 and Figure 1B show the response times for 
the IV line occlusion. The variances were homoge- 
neous except for the latency time. There was a 
significant (P < 0.05) difference when comparing 
detection times between the CA2 group and the 
experienced group. The comparison of latency peri- 
ods, although not statistically significant, did show a 
trend toward significance (P = 0.068) when compar- 
ing the CA1 group with the CA2 and experienced 


groups. 


Atrial fibrillation. Seven of the subjects detected 
and correctly diagnosed the acute onset of atrial 
fibrillation. Six of these subjects initially detected this 
event by the change in ECG waveform on the patient 
monitor. One subject first detected the arrhythmia 
when he noted intermittent sensing of the pulse by 
the pulse oximeter and subsequently confirmed the 
diagnosis using the ECG monitor. The remaining 
subject noted an abnormal rhythm on the ECG mon- 
itor, but attributed it to monitor artifact. The treat- 
ment plan for atrial fibrillation was either verapamil 


CA1, first-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents; experienced, full-time anesthesia faculty or private 
practitioners. 

“P < 0.05 versus experienced. 


Table 4. Detection and Correction of Planned 
Airway Disconnection 





Level of Detection Correction Latency 

training time (3) time (s) time (s) 
CA1 25 + 23" 72 + 46° 47 + 43° 
CA2 174 3249 156 ` 
Experienced 95 28 + 10 18 + 10 


CA1, first-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents; experienced, full-time anesthesia faculty or private 
practitioners. 

“P < 0.005 versus experienced. 

èP < 0.001 versus CA2 and experienced. 

€P < 0.025 versus CA2 and experienced. 


or observation. No one utilized 6-blockade, digoxin, 
vasopressors, or cardioversion. 

Table 3 and Figure 1C show the response times for 
acute atrial fibrillation. The variances were homoge- 
neous except in the case of detection time. There was 
a significant difference in correction times between 
the residents and experienced subjects, as well as the 
latency times between the CA2 group and the expe- 
rienced group. The nonparametric comparison of 
detection times showed a tendency toward signifi- 
cance (P = 0.075) in comparing the CA1 group with 
the CA2 and experienced groups. 


Airway disconnection. All subjects noted the airway 
disconnection, with the first signal in all cases being 
the low airway pressure alarm. Although there was 
some confusion as to which alarm was sounding, all 
subjects responded quickly and correctly. 

Table 4 and Figure 1D show the response times for 
airway disconnection. The variances were heteroge- 
neous in all cases. There was a significant difference 
between the CA1 group and the experienced group in 
the detection times, a significant difference between 
the CA1 group and the CA2 and experienced groups 
in the correction times, and a significant difference 
between the CA1 group and the CA2 and experi- 
enced groups in the latency time results. 
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Table 5. Detection and Correction of Planned Cardiac 
Arrest, ACLS Compliance 








Compliance with ACLS 
Level of Detection pute) 
training time (s) Perfect Minor Major 
CA1 10 + 5" 2 2 6 
CA2 442 1 3 5 
Experienced 444 0 5 3 





CA1, first-year clinical anesthesia residents; CA2, second-year clinical 
anesthesia residents; experienced, full-time anesthesia faculty or private 
practitioners. 

“P < 0.005 versus CA2 and experienced. 


Cardiac arrest. All subjects detected and diagnosed 
the cardiac arrest. Correction time was always virtu- 
ally simultaneous with detection and diagnosis. De- 
spite quick recognition of the ventricular arrhythmia, 
some subjects departed substantially from estab- 
lished ACLS resuscitation protocols. One faculty sub- 
ject never considered defibrillating the patient, and 
one private practitioner started with an external de- 
fibrillation energy of 10 J and repeatedly used low 
energy levels before recognizing his mistake. 

Table 5 lists the detection times for the detection of 
ventricular fibrillation as well as the ACLS compli- 
ance. The variances were heterogeneous, and the 
difference between the CA1 group and the CA2 and 
experienced groups was significant. The distribution 
of ACLS compliance was not found to be significantly 
different between groups. 


Unplanned Incidents 


We documented 40 unplanned events during the eight 
simulations. Of the 40 incidents, 26 were considered 
simple incidents (minimal likelihood of patient com- 
promise) and 14 were considered critical (high likeli- 
hood of patient compromise if not detected and 
corrected) using the criteria previously developed (3). 
The postresidency group averaged five unplanned 
events per case, compared to 7.9 and 5.9 for the CA1 
and CA2 groups, respectively, The difference be- 
tween the CA1 and the postresidency groups was 
statistically significant. Table 6 shows the overall 
distribution of unplanned incidents, which was sig- 
nificant only when comparing the CA1 group with 
the CA2 group. The t-test comparing each class of 
errors did not reveal a significant difference in the 
rate of occurrence in human and fixation errors, but 
there was a difference (P = 0.028) between the CA1 
group and experienced group in the rate of occur- 
rence of unknown errors, and between the CA2 and 
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experienced groups in the rate of occurrence of equip- 
ment failures (P = 0.045) and unknown errors (P = 
0.031). 


Human errors. A total of 27 human errors were 
observed. Ventilator errors included one crossover 
error in switching from bag to mechanical ventilation, 
and two occasions of incorrect ventilator settings that 
created alarm conditions. One of the drug adminis- 
tration errors occurred when the subject stated re- 
peatedlv that the anesthesia plan included isoflurane 
as the volatile agent, but then inadvertently admin- 
istered halothane and did not quickly recognize the 
mistake. Airway management errors included two 
unplanned endobronchial intubations, one accidental 
extubation, one accidental disconnection, and one 
major cuff leak. Intravenous fluid management errors 
occurred only with one subject and were related, as 
the subject accidentally placed the stopcock in the 
wrong position causing an attached syringe to fill 
with IV fluid. Shortly thereafter he recognized the 
error, but only after the IV fluid had stopped flowing. 
He increased the IV rate to make up for the approx- 
imately 4 min during which the patient was not 
receiving fluids. However, he did not remember to 
decrease the flow until the patient had received 
nearly 1 L of saline. Monitor errors tended to be due 
to unfamiliarity with the operation of the specific 
model of pulse oximeter and of mass spectrometer. 


Equipment failures. There were three equipment 
failures. The first was a failure of a laryngoscope light 
after the subject had correctly checked it before the 
start of the case. The other failures were a stuck 
ventilator pressure valve (i.e., “pop-off” valve), and a 
defective IV needle that resulted in a delay in provid- 
ing an IV medication. 


Fixation errors. We recorded 10 fixation errors in 
the eight subjects. Three of the subjects fixated exces- 
sively on the patient's initial oxygen saturation of 
95% while breathing room air despite a patient his- 
tory of tcbacco abuse. Seven subjects became fixated 
on the intermittent sensing activity of the pulse 
oximeter during atrial fibrillation, in each case persis- 
tently searching for an electromechanical cause of the 
irregular sensing even after identifying the arrhyth- 
mia. 


Discussion 


This study, combined with our two previous reports 
(2,3); represents the only comparative study of the 
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Table 6. Distribution of Unplanned Incidents by Type 
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Level of Human Equipment Fixation Unknown 

training error failure error cause Total 
CAI 57 (72.2%) 4 (5.1%) 12 (15.2%) 6 (7,.6%)" 79° 
CA2 30 (56.6%) 0 (0.0%) 15 (28.3%) 8 (15.1%) 53 
Experienced 27 (67.5%) 3 (7.5%) 10 (25.0%) 0 (0.0)% 40 





CAI, first-year clinical anesthesia residents; CA2, second-year clinical anesthesia residents; experienced, full-time anesthesia faculty or private 


practitioners. 


Percentages are based on all unplanned incidents for subjects at that level of training. 


“P < 0,03 versus experienced. 


tP < 0.05 CA1 versus experienced, average number of unplanned incidents per simulated case. 


€P < 0.05 CA1 versus CA2, distribution of error types. 
ap < 0.05 versus experienced. 


performance of anesthesia personnel at different lev- 
els of training when faced with the same case man- 
agement situations. Although there are many caveats 
concerning interpretation of the data and about the 
use of this simulation technique (2), these studies 
provide a unique window of the changes in problem- 
handling ability that occur with education and expe- 
rience in anesthesiology. 

Not surprisingly, there was a detectable difference 
between novice residents and more experienced 
trainees, faculty, and practitioners. There was a trend 
toward earlier detection and correction of the 
planned critical incident as the level of experience 
increased. The detection time decreased with experi- 
ence for all events except for the IV line occlusion. 
Likewise, the latency time decreased with experience 
for the occluded IV line, atrial fibrillation, and airway 
disconnection. There was no change in latency time 
for the endobronchial intubation and ventricular 
tachycardia. Statistical analysis of these trends was 
made difficult by the heterogeneity of variances be- 
tween groups. Nevertheless, this heterogeneity may 
itself be important, supporting the hypothesis that 
there are some characteristics of problem solving that 
are different between the groups studied. There was 
no apparent systematic difference between faculty 
and private practitioners (Figure 1), although no 
statistical analysis of this hypothesis was possible. 
The faculty and practitioners were all highly experi- 
enced, and it is possible that fully trained anesthesi- 
ologists with less practice experience would have 
performed differently. This hypothesis could not be 
tested in our experiment. 

The variances in response times were large within 
the experienced group for all planned events, and for 
each individual there was a difference in detection 
and correction times between the different planned 
events. This high intraindividual variance in perfor- 
mance has been noted in our trainee studies (2,3) and 
in previous studies of medical problem solving (7- 
11). It has been attributed to differences in problem- 


solving strategy or to the level of difficulty of different 
medical problems. In our study, the planned events 
were purposely chosen to cover different levels of 
difficulty. The difficulty (as we perceived it) did not 
always correspond to the time needed for correction, 
as illustrated by the kinked IV line event, which was 
intended to be simple for experienced anesthesiolo- 
gists but in fact took them a long time to detect. 

The behavior of outliers may provide the best 
insight into mechanisms of human error during an- 
esthesia. The maximal correction time for each of the 
incidents was due to a different subject, and nearly all 
subjects made at least one error. One experienced 
anesthesiologist had 12 unplanned incidents, 
whereas the average was five unplanned incidents 
per case and one individual had no unplanned inci- 
dents. It is possible that some individuals consis- 
tently respond more rapidly and with fewer errors 
than others, either because of intrinsic differences in 
personality or because of acute differences in perfor- 
mance-shaping factors such as fatigue or stress. How- 
ever, this experiment was not designed to test such 
an hypothesis. 


Problem Solving in Medicine 


To interpret the findings of this study, we looked 
toward existing models of problem solving in medi- 
cine. Traditional thinking about medical problem 
solving viewed the physician as formally generating 
and testing specific hypotheses (12-14). In our anal- 
ysis of both spontaneous “thinking aloud” and fo- 
cused probing during debriefing, we were unable to 
confirm that the subjects’ actions were the result of 
testing specific hypotheses. This traditional hypoth- 
esis-testing view of medical diagnosis has been chal- 
lenged by a view that emphasizes the diagnostician’s 
structured knowledge base as a guide to optimal 
diagnostic inquiry (14). However, we did not see 
optimized and formal inquiry either. Rather, we 
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mostly observed “pattern matching” based on the 
perceived highest frequency explanation for one or 
more findings, often triggered by only a single abnor- 
mality. This is an example of the “frequency gam- 
bling heuristic’ described by Reason (15); similar 
phenomena have been observed in internal medicine 
trainees (16). 

The dynamic nature of anesthesia may necessitate 
such heuristics. We have previously described (17,18) 
the adaptation to anesthesiology of models of prob- 
lem solving developed for other complex worlds such 
as process control or nuclear power (19-21). Al- 
though our observations do not prove the validity of 
these models for anesthesiologists, they do provide 
hints of the actual cognitive processes involved. We 
are just beginning to investigate the nature of anes- 
thesia expertise, and it will take carefully structured 
studies to delineate the precise boundaries of the 
anesthesiologist’s cognitive abilities. 

The most fundamental component of the dynamic 
models is Rasmussen’s categorization of human be- 
havior into skill-based, rule-based, and knowledge- 
based performance (21,22). Briefly, skill-based behav- 
ior represents sensorimotor activities that take place 
without conscious control—smooth, automated, and 
highly integrated patterns of behavior. Vascular can- 
nulation and endotracheal intubation are such activ- 
ities. Rule-based behavior relies on precompiled sub- 
routines in a familiar work situation, subroutines that 
may have been derived during previous occasions. 
Much of intraoperative management appears to occur 
at this level. Finally, knowledge-based behavior is 
seen in situations unfamiliar to the operator for which 
no rules are available, when rule-based responses 
have not succeeded, and also in the selection and 
modification of rules as required. Preoperative eval- 
uation may involve causal reasoning at this level. We 
added (18) a fourth “supervisory control” level in 
which attention is allocated between the other levels 
and between different tasks or problems. 

During administration of an anesthetic, knowl- 
edge-based behavior provides the anesthesiologist 
with a means of generating solutions based on causal 
pathophysiologic reasoning as well as generating 
solutions to novel problems. This behavior corre- 
sponds most closely to the traditional model of hy- 
pothesis generation and testing. Its high probability 
of ultimate success (if the knowledge base is ade- 
quate) comes at the expense of efficiency and speed. 
Experience provides the ability to use rule-based 
behavior as a shortcut to the problem solution, witha 
confidence that may approach the knowledge-based 
solution but at greater speed and efficiency. In gen- 
eral, the expert, but not the novice, can be expected 
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to act both accurately and quickly and to be able to 
alter standard operating procedure to meet unusual 
needs. Pattern-matching for a particular event should 
occur more often with experienced individuals be- 
cause novices would be less likely to have already 
formulated appropriate mental patterns. Further- 
more, even when the novice recognizes a pattern, the 
responses to it are likely to be poorly formed routines 
that have not been optimized, or modified for the 
situation at hand. Thus, the heterogeneity of vari- 
ances between the groups could be due to the nov- 
ice’s reliance on undifferentiated reasoning whereas 
experts were relying on reliable shortcuts based on 
experience. 

At the supervisory control level, the experienced 
anesthesiologist should be more likely to allocate 
attention preferentially to the most critical factors, 
yielding faster correction of problems and the ability 
to handle more tasks simultaneously. On the other 
hand, the experienced subjects in our study may 
have allocated so much attention to the airway and 
the cardiopulmonary system that they were delayed 
in detecting the simple but important IV line occlu- 
sion. 

Assuming that there is truly a difference between 
the novice’s dependence on an undifferentiated 
knowledge base and on the use of poorly formed 
rules and responses to the expert’s efficient rule- 
based reasoning, when might the change occur? The 
mean time-response data in our study suggest that 
the transition may occur sometime between the CA1 
and CA2 years. The heterogeneity of the variances 
indicates that this transition occurs at different times 
for different problems, but in all cases sometime 
during the residency years. Liu and Mitchell (23) 
demonstrated that the knowledge-based learning be- 
havior of anesthesia residents changes during resi- 
dency from one focused on the acquisition of large 
amounts of detailed information through memoriza- 
tion to one focused on conceptualization. Presumably 
this is mirrored by the progressive integration of 
rule-based clinical response routines. 


Ubiquity of Human Error 


Although the anesthesiologists’ responses to planned 
incidents, on average, improved with experience, the 
failure of individuals in each group to correctly solve 
certain planned problems, and the occurrence of 
unplanned incidents, reinforces the concept that hu- 
man error is ubiquitous in anesthesia regardless of 
experience. Although fewer errors were made by 
experienced individuals, they made the same type of 
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errors as did the novices. The errors covered the 
spectrum of failure modes previously described (18) 
and involved different failures at each of the cognitive 
levels. Like Rasmussen (21), we have emphasized 
that human error cannot be completely prevented 
and have suggested strategies aimed at making errors 
more observable and strengthening the preparation 
and training of the anesthesiologist to handle what- 
ever events arise (24). Based on these initial simula- 
tion studies we believe that the development of an 
adjunct curriculum (25) to focus on problem-solving 
strategies in anesthesia might help trainees and prac- 
titioners to optimize their responses to critical inci- 
dents. The CASE 1.2 simulator was originally de- 
signed as a research tool, but we are convinced that 
simulators like it will be used to enhance the skills 
anesthetists require to avert anesthetic mishaps. 


The authors thank George Yang and Thomas Lee for technical 
assistance and Susan Ryan, PhD, for review of the manuscript. 
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The low solubility of sevoflurane in blood suggests that this 
agent should enter and leave the body more rapidly than 
isoflurane. However, the closeness of sevoflurane and iso- 
flurane tissue/blood partition coefficients suggests that the 
rates of equilibration with and elimination from tissues 
should be similar. We tested both predictions, comparing 
sevoflurane with isoflurane and nitrous oxide in seven 
volunteers. We measured the rate at which the alveolar 
(end-tidal) (FA) concentration of nitrous oxide increased 
toward an inspired (Fi) concentration of 65%~70%, then 
measured the concurrent rise in Fa and mixed expired 
concentrations (FM) of sevoflurane and isoflurane at respec- 
tive Fi values of 1.0% sevoflurane and 0.6% isoflurane for 
30 min. Minute ventilation (Ve) was measured concur- 
rently with the measurements of anesthetic concentrations. 
For the potent agents, we also measured Ve, Fa, and Fm for 
6-7 days of elimination. Fa/Fi values at 30 min of admin- 


istration were as follows: nitrous oxide, 0.986 + 0.003 
(mean + sp); sevoflurane, 0.850 + 0.018; and isoflurane, 
0.733 £ 0.027, FalFag (Fag = the last FA during admin- 
istration) values after 5 min of elimination were as follows: 
sevoflurane, 0.157 + 0.020; isoflurane, 0.223 + 0.024. 
Recovery (volume of anesthetic recovered during elimina- 
tion/valume taken up) of sevoflurane (101% + 7%) equaled 
recovery of isoflurane (101% + 6%). Time constants for a 
five-compartment mammillary model for sevoflurane were 
smaller than those for isoflurane for the lungs but were not 
different from isoflurane for the other compartments. In 
summary, we found (a) that Fa/Ft of sevoflurane increases 
and Fa/FA, decreases more rapidly than do these variables 
with isofiurane in humans; but (b) that elimination from 
tissues did not differ between sevoflurane and isoflurane; 
and (c) that the metabolism of sevoflurane did not differ 
from that estimated for isoflurane. 


Key Words: ANESTHETICS, voOLATILE-— 
sevoflurane, isoflurane. ANESTHETICS, cases— 
nitrous oxide. PHARMACOKINETICS, 
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The blood/gas partition coefficient of sevoflurane is 
smaller than that of isoflurane (1), indicating a more 
rapid increase in Fa/Fi and more rapid decrease in 
Fa/Fay with sevoflurane, where Fa is the alveolar 
(end-tidal) concentration, Fi is the inspired concen- 
tration, and Fao is the last Fa during administration. 
This prediction is supported qualitatively by the 
results of a study of sevoflurane in dogs (2). How- 
ever, the difference in kinetics of isoflurane and 
sevoflurane may be overestimated by comparing 


Support for this study was supplied in part from Maruishi 
Pharmaceutical and the Anesthesia Research Foundation. 

Received from the Departments of Anesthesia and Physiology, 
and the Cardiovascular Research Institute, University of Calitor- 
nia, San Francisco, California, and the Department of Anesthesi- 
ology, the Jikei University School of Medicine, Tokyo, Japan. 
Accepted for publication October 16, 1990. 

Address correspondence to Dr. Eger, Department of Anesthe- 
sia, Room S-455, Box 0464, University of California, San Francisco, 
CA 94143-0464. 


©1991 by the International Anesthesia Research Society 
0003-2999/91/$3, 50 


blood solubilities because the tissue/blood partition 
coefficients of sevoflurane are greater than those of 
isoflurane (3). Studies of fluoride serum levels and 
excretion in human volunteers indicate that sevoflu- 
rane is metabolized (4) and thereby suggest that 
metabolism may accelerate elimination as it does for 
halothane (5). 

Although these findings suggest that the rate of 
change of Fa/Fi and Fa/Fag will be more rapid with 
sevoflurane, no data directly compare the kinetics for 
these two anesthetics in humans. Existing data also 
suggest that studies of mass balance should reveal 
smaller recovery of sevoflurane than of isoflurane. 
However, a preliminary study of the pharmacokinetic 
characteristics of these agents in swine failed to show 
less recovery of sevoflurane (6). 

To define better the relative metabolism and rates 
of change of Fa/Fr and Fa/Fay for sevoflurane and 
isoflurane in humans, we measured these variables 
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during the concurrent administration and elimination 
of the anesthetics. We conducted a mass balance 
study to determine whether the increased levels of 
fluoride in plasma and urine after anesthesia with 
sevoflurane reflect a metabolism that alters uptake 
and elimination. We compared the Fa/Fi and Fa/Fay 
for sevoflurane with those for nitrous oxide (N30), an 
anesthetic having a lower blood/gas partition coeffi- 
cient (7). Finally, we compared the Fa/Fi and Fa/Fay 
for sevoflurane with those variables for desflurane 
and halothane. Data for the last two agents were 
taken from.a parallel study (8). 


Materials and Methods 


With approval from the University of California, San 
Francisco Committee on Human Research and in- 
formed consent from subjects, we studied seven 
healthy male volunteers (age 23 + 3 yr [mean + sp], 
body weight 72 + 9 kg, height 182 + 7 cm). An 
18-gauge intravenous catheter was placed, and lac- 
tated Ringer’s solution was infused at 100-150 mL/h. 
Anesthesia was induced by intravenous injection of 
0.1-0.2 mg/kg midazolam and 2-5 pg/kg fentanyl. 
After oxygenation via mask, 10 mg vecuronium was 
administered intravenously to facilitate endotracheal 
intubation. Ventilation was controlled via a nonre- 
breathing system to produce normocapnea (end-tidal 
carbon dioxide [CO,] of 5.5%-6.5%), and, thereafter, 
70% NO was administered for 30 min with inspired 
and end-tidal concentrations of N.O and CO, mea- 
sured by mass spectrometry and recorded. After the 
30 min of administration of N,O, basal anesthesia 
was maintained with 65% NO supplemented by 
intravenous administration of midazolam and fenta- 
nyl, as indicated by blood pressure and heart rate. 
Blood pressure and heart rate were measured nonin- 
vasively by an oscillometric method (Dinamap, Crit- 
icon Co./JJohnson & Johnson). Paralysis was main- 
tained by intravenous administration of vecuronium 
guided by the response to train-of-four electrical 
stimulation by the ulnar nerve. Esophageal tempera- 
ture was monitored and maintained at 35.6°-36.9°C 
using a Bair Hugger (Augustine Medical Inc.) forced 
air warmer. 

Cylinders containing 1.0% sevoflurane and 0.6% 
isoflurane, balance 35% oxygen and 65% N,O, were 
prepared. Soon after the 30-min period of N,O ad- 
ministration, a square-wave of this mixture was ad- 
ministered for 30 min via a nonrebreathing circuit. 
The expiratory limb of the circuit was composed of 
corrugated Teflon tubing connected to a 1-L alumi- 
num mixing chamber (to mix alveolar and dead space 
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gases and thereby supply a mixed expired sample). 
The output from the mixing chamber was connected 
to a spirometer. Ports permitted sampling of end- 
tidal (Fa), mixed expired (Fm), and inspired (Fr) gas. 
To define the pharmacokinetics of the potent agents 
during their administration, end-tidal samples were 
collected from the first five breaths and then from 
breaths at 0.75, 1, 1.5, 2, 3, 5, 7.5, 10, 12.5, 15, 20, 25, 
and 29 min. Minute ventilation (Vz) was measured, 
and mixed expired and inspired samples were col- 
lected at 5, 7.5, 10, 12.5, 15, 20, 25, and 29 min. 
Precisely at 30 min, administration of the volatile 
anesthetics was discontinued and the breathing cir- 
cuit was exchanged with a fresh inspiratory and 
expiratory circuit. A basal level of anesthesia was 
continued with 65% NO, midazolam, fentanyl, and 
vecuronium, For the measurement of elimination of 


the potent agents, end-tidal samples were collected 


from the first five breaths, then from breaths at 0.75, 
1, 1.5, 2, 3, 5, 7.5, 10, 12.5, 15, 20, 25, 30, 40, 50, 60, 
75, 90, 105, 120, 135, 150, 210, 240, 300, 400, 500, 600, 
800, and 1400 min, and on each morning thereafter 
for 6-7 days. Ventilation and mixed expired and 
inspired samples were measured at 5, 7.5, 10, 12.5, 
15, 20, 25, 30, 40, 50, 60, 75, 90, 105, 120, 135, 150, 
210, 240, 300, 400, 500, 600, 800, and 1400 min, and on 
each mprning thereafter for 6-7 days. After 150 min 
of elimination, the administration of the basal anes- 
thesia was discontinued and the elimination of N,O 
was measured. This measurement was taken for 
10 min or shorter if the subject coughed or moved. 
The endotracheal tube was then removed. Thereaf- 
ter, gas samples were collected through a mouthpiece 
and a nonrebreathing valve connected by Teflon 
tubing to a mixing chamber (as described earlier) and 
a spirometer. Nose clips were used to prevent breath- 
ing through the nose. All gas samples were taken in 
50-mL glass syringes sealed with nylon three-way 
stopcocks. The syringes were stored upright until the 
gas contents were analyzed. 

All samples were analyzed for concentration of the 
volatile anesthetics by gas chromatography. We used 
two Gow-Mac series 580 flame ionization detector gas 
chromatographs, each equipped with a 6-m-long 
stainless steel column (3 mm in diameter) packed 
with Chromosorb-WHT 60-80 mesh maintained at 
48°C. One had a nitrogen carrier stream flowing at 
5-6 mL/min delivered through the column to a flame 
ionization detector at 150°C, supplied by hydrogen at 
12-15 mL/min and by air at 200 mL/min, equipped 
with a 0.1-mL sample loop for high concentrations. 
The other was equipped with a 1.0-mL sample loop 
for lower concentrations and had a nitrogen carrier 
stream flowing at 22-24 mL/min delivered through 
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the column to a flame ionization detector at 200°C, 
supplied by hydrogen at 15-17 mL/min and by air 
at 200 mL/min. Results were recorded on a strip- 
chart recorder. The chromatographs were calibrated 
with secondary tank standards that had been cali- 
brated with primary standards produced by injection 
of a liquid aliquot of anesthetic by micropipette 
into a flask of known volume. Peak heights were 
proportional to concentration over the entire range of 
concentrations studied, and linearity of the gas chro- 
matographs was confirmed over the range of concen- 
trations measured. 

We used the values for FM, Fa, and Fi obtained at 
10, 15, and 20 min to provide an estimate for Fm 
during the first 3 min using the formula 


FM = fA x Fa + fp x Fi, 


where fa equals the fraction of ventilation coming 
from the alveoli and fp equals the fraction of ventila- 
tion coming from the dead space. The average values 
for fa and fp calculated from the 10-, 15-, and 20-min 
samples were obtained using this same formula (i.e., 
substitute 1 — fa for fp to solve for fa; and substitute 
1 — fp for fa and solve for fp). Then, using the 
measured values of Fa and Fi for the first 3 min, we 
calculated Fm for this time period. 

The ratio of Fa to Fr (Fa/Fr) was used to define the 
pharmacokinetics during anesthetic administration. 
The ratio of Fa to Fay (Fa/Fao) was used to define 
anesthetic elimination. Fay is the alveolar concentra- 
tion of anesthetic found immediately before discon- 
tinuing administration of sevoflurane and isoflurane. 
The Fa/Fi and Fa/Fag at each time point were com- 
pared among the anesthetics using a paired t-test 
with a Bonferroni correction for multiple comparison 
when needed (9). 

Multiexponential (multicompartment) models of 
the form 


n 
S SAt 
X Ae 


=ü 


were fit to the elimination data using least-squares 
(hybrid) analysis (10,11). We will refer to this analysis 
as the “hybrid” analysis to distinguish it from a 
second analysis (see below) that we will refer to as 
the “mammillary’’analysis. A; has no units. A; has 
units of reciprocal time (min~'); and t is time (min). 
We fit equations (models) having successively more 
exponents (interpreted as compartments) to the data 
for each anesthetic for each subject (i.e., for each of 
the 14 data sets that we obtained—from the two 
potent agents given to seven subjects). For each data 
set, the model having the greatest number of com- 


YASUDA ET AL. 


A 
A ¡kio 
k20! i Lungs 
t ka k51 
e 
k12 15 
vac SENNY FG 


MG 4th Comt 


Figure 1. The five-compartment model used in determining the 
mammillary constants (k).5, and k,_;5) is represented schemati- 
cally. Compartments 1-5 represent the central compartment, the 
vessel-rich group (VRG), the muscle group (MG), the fourth 
compartment, and the fat group (FG), respectively. kiy and ka 
represent pulmonary elimination and hepatic metabolism, respec- 
tively. 


partments (highest n) that significantly decreased the 
residual sum of squares when compared with the 
model having one less compartment (n—1) was con- 
sidered to provide the “best fit” (P < 0.05, F-ratio 
test) (12), 

Hybrid time constants were calculated from the 
rate constants (A;) as 1/A, for each compartment. The 
time constants for five-compartment models for the 
two potent agents were compared, and the signifi- 
cance of any difference assessed using paired t-tests. 

We also calculated rate constants for these data 
using a five-compartment mammillary model (Figure 
1). This model was fit simultaneously to the loga- 
rithm of the concentration of anesthetics (sevoflurane 
and isoflurane) in end-tidal gas (Fa) and the loga- 
rithm of the rate of excretion of the anesthetics via the 
lungs for each subject by using five differential equa- 
tions to describe the rate of change in anesthetic 
concentration in each compartment. A method in- 
volving the matrix exponential was used to integrate 
effectively the differential equations (13). Fitting the 
excretion data simultaneously enabled us to estimate 
the mammillary rate constant for the metabolism of 
the anesthetics in the second compartment (interpret- 
ed as the vessel-rich group, containing the liver). 
These data analyses yielded estimates of the volume 
of the central compartment (V,) and mammillary rate 
constants: the elimination rate constants ko and kyo, 
and the intercompartmental transfer rate constants 
k,; and kj, (where j = 2, .. ., 5) (Figure 1). Elimina- 
tion of anesthetics was permitted from two sites: the 
central compartment (lungs; kio) and the second 
compartment (vessel-rich group; kọ). These sites 
were chosen because volatile anesthetics are elimi- 
nated from the body primarily by exhalation and by 
metabolism (via the liver). From the mammillary rate 
constants, we calculated transit times [1/(kj) + kyz + 
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kis + kyg + kıs), 1/(k20 + k21), and 1/k; (where j = 3, 
4, 5)]. Transit times for 1/k;, also equal the time 
constants for respective compartments. Time con- 
stants for the central compartment (1/k,,), vessel-rich 
group (1/k;), and hepatic elimination from the ves- 
sel-rich group (1/ky9) also were calculated. 

Assuming that the delivery of anesthetic to the 
tissues is perfusion- and not diffusion-limited, the 
mammillary rate constants may be used to estimate 
blood flow and tissue volume (14). To do so requires 
knowing the anesthetic’s tissue/blood and tissue/gas 
partition coefficients for the particular tissue group. 
For this analysis, we assumed that the second, third, 
and fifth compartments were the vessel-rich, muscle, 
and fat tissues, respectively. We assumed that the 
fourth compartment also was fat. To estimate flow 
(mL perfusion-100 mL tissue~!-min~‘) for any tissue 
group (e.g., the jth tissue group), we multiplied the 
tissue/blood partition coefficient (which we deter- 
mined previously) (3), by the corresponding calcu- 
lated mammillary rate constant value [i.e., kj; (where 
j = 2,...,5)] and by 100. To calculate the volume 
for each tissue, we multiplied the estimate of the 
volume of the central compartment by the ratio of the 
mean mammillary rate constants [i.e., k,;/kj, (where 
j = 3, 4, 5) and kj/(kjg + kz) for the vessel-rich 
tissues] obtained for the periods of administration 
and elimination and divided the resulting number by 
the tissue/gas partition coefficient (3). Using regres- 
sion analysis (15), we also compared the volumes 
obtained for fat (the volumes for the fourth compart- 
ment plus the volume for the fat group) with fat 
volumes obtained by the measurement of skinfold 
thickness (16). The measurement from the skinfold 
thickness gave an estimate of the percentage of body 
weight that fat comprised. This percentage was con- 
verted to volume by multiplying by body weight and 
by 0.92 (assumed to equal the specific gravity of fat). 
We used the fat volumes derived from the skinfold 
measurements and from mammillary analysis for 
isoflurane from this and a parallel study (8). The 
incorporation of the data from the parallel study 
increased the number of subjects to 11. In addition to 
the regression comparing fat volumes derived from 
these two approaches, we also correlated fat volumes 
obtained from skinfold measurements with the fat 
group mammillary time constant. 

For each subject, total body clearances for both 
potent agents were calculated by dividing the doses 
of each anesthetic delivered to the alveoli (calculated 
as Fr x Va x 30 min, where Va equals fa x Vz) by the 
areas under the alveolar administration and elimina- 
tion curves. We estimated the area under the alveolar 
anesthetic concentrations against time by the trape- 
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zoidal rule. The area under the elimination curve 
from the last data point to time infinity was calculated 
by taking the ratio of the last alveolar anesthetic . 
concentration and the estimate of the terminal hybrid 
rate constant. These data were tested by paired t-tests 
for differences in total body clearance between sevo- 
flurane and isoflurane. 

We assessed the total pulmonary uptake and elim- 
ination of sevoflurane and isoflurane as follows: 
uptake and elimination rates were calculated for each 
anesthetic at each time point. Uptake rates were 
calculated as Ve x (Fi — Fm). Elimination rates were 
calculated as Vz x Fm. Total uptake for each anes- 
thetic was estimated as the area under the curve 
generated by plotting the anesthetic uptake rate 
against time (trapezoidal method). Total recovery of 
unchanged anesthetic in exhaled gases (i.e.; elimina- 
tion by ventilation) (mass balance) was calculated by 
the same method, and terminal recovery was esti- - 
mated by multiplying the elimination rate at the final 
time point by the terminal hybrid time constant 
(determined separately for each anesthetic in each 
subject, as described earlier). Percent recovery (i.e., 
the percentage of anesthetic taken up that is elimi- 
nated by ventilation) of each anesthetic was calcu- 
lated as the total recovery divided by the total uptake 
and multiplied by 100. 

These mass balance data were then isa to deter- 
mine the extent of anesthetic metabolism. We as- 
sumed that isoflurane was not metabolized but that 
the percentage recovery of isoflurane might differ 
from 100% because of other sources of anesthetic loss 
(e.g., through the skin and in the urine), or because 
of inconsistencies in ventilation and circulation (e.g., 
our measurements always were taken with volun- 
teers at or near basal state; however, after release 
from the hospital [after 1440 min], subjects pursued 
normal activities, probably exceeding basal levels for 
at least a fraction of each day and potentially influ- 
encing measurements taken on days 2-7 after their 
release). We also assumed that other sources of 
anesthetic loss or inconsistencies in ventilation or 
circulation would affect the recovery of each anes- 
thetic proportionately. To compensate for these 
losses, not only did we calculate the absolute percent 
recovery of each anesthetic but also the percent 
recovery of sevoflurane normalized to that of isoflu- 
rane (the latter, by dividing the percent recovery of 
sevoflurane by the percentage recovery of isoflu- 
rane). Deficits in percent recovery were assumed to 
be due to metabolism. Differences between sevoflu- 
rane and isoflurane were analyzed by paired t-test. 
We accepted P < 0.05 as significant for all measure- 
ments. 
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Figure 2. The pharmacokinetics of sevoflurane and isoflurane 
during their administration are defined as the ratio of end-tidal 
anesthetic concentration (Fa) to inspired anesthetic concentration 
Ft (ie., Fa/Fr) (mean + sp). Consistent with its relative blood/gas 
partition coefficient, the Fa/Fr of sevoflurane increases more rap- 
idly than that of isoflurane or halothane but slower than that of 
NO or desflurane. 


Results 


In addition to results for pharmacokinetics from this 
study, results from a similar study investigating des- 
flurane, isoflurane, and halothane (8) are shown in 
Figures 2-4. The differences between these two stud- 


ies were reconciled by normalizing the desflurane’ 


and halothane data for each individual to the iso- 
flurane data in the present study (i.e., normalized 
data = [desflurane or halothane data] x [present 
isoflurane data]/[other isoflurane data]). 

Fa/Fr of sevoflurane increased and Fa/Fay de- 
creased more rapidly than did these variables for 
isoflurane and halothane (Figures 2-4). Fa/Fi of 
sevoflurane increased more slowly than did this 
variable for desflurane and N,O. Elimination of 
sevoflurane was slower than that for desflurane but 
faster than that for NO. 

All 14 data sets of elimination fit best to a five- 
compartment model. Applying the suggestion of 
Carpenter et al. (5), we interpreted the first, second, 
third, fourth, and fifth compartments as representing 
the lungs, vessel-rich group (VRG), muscle group 
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Figure 3. Elimination of each anesthetic is defined as the ratio of 
end-tidal anesthetic concentration (Fa) to the Fa immediately 


before the beginning of elimination (Fag) (i.e., Fa/Fag). Over the 


120-min period portrayed, the elimination of sevoflurane is faster 
than that of isoflurane by a factor of about 1.6 (note the logarithmic 
scale for the ordinate). The elimination rate of sevoflurane is 
slightly slower than that of desflurane, whereas the elimination 
rates of :soflurane and halothane are indistinguishable. Elimina- 
tion of NO is slower (n onl 2) than with sevoflurane 
because equilibration with N,O was 8 to 10 times longer. 


(MG), a layer of fat that receives anesthetic from 
adjacent vessel-rich organs by intertissue diffusion 
(fourth compartment), and fat group (FG), respec- 
tively. Values for A, were larger for sevoflurane, 
whereas values for A, through As were larger for 
isoflurane (Table 1). Relative to isoflurane, sevoflu- 
rane hybrid time constants for VRG were smaller; did 
not differ for the MG, fourth compartment, and FG; 
and were larger for the lungs (Table 2). Although 
statistically significant, the differences between sevo- 
flurane and isoflurane values for the VRG and lungs 
were too small to be of clinical importance. 

The volume of the central compartment (V;) of 
sevoflurane (2.10 + 0.62 L) was smaller than that of 
isoflurane (2.31 + 0.71 L). The mammillary elimina- 
tion rate constant from the central compartment (kj) 
for sevoflurane was greater than that for isoflurane 
(Table 3). Pulmonary elimination clearances, defined 
as (V,) times (k;,), were not different between sevo- 
flurane (3.58 + 0.43 L/min) and isoflurane (3.62 + 
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Figure 4. The terminal elimination of sevoflurane is faster than 
that of isoflurane but is slower than that of desflurane. After 2-5 
days, there is a two- to threefold difference between the values for 
sevoflurane and isoflurane. The difference between the values for 
desflurane and sevoflurane progressively increase after day 1 and 
approach eightfold by day 5. 
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Table 1. A, Coefficients x100 








Coefficient Compartment Sevoflurane Isoflurane 
Ay Lungs 63.6 + 2.9" 55.7 2.3.1 
As Vessel-rich 24.7 + 3.5" 26.9 + 4.0 

group 
As Muscle group 4.60 = 3.14" 7.19 + 4.04 
As Fourth 0.717 = 0.800" 1.296 + 1.237 
compartment 
As Fat group 0.028 = 0.018" 0.072 + 0.044 





Values are expressed as mean + sp. 
“Significantly different from isoflurane (P < 0.05). 


0.41 L/min). Mammillary rate constants from the 
central compartment to the VRG (ki) MG (k,3), 
fourth compartment (k,4}, and FG (ks) for sevoflu- 
rane were smaller than those for isoflurane. Sevoflu- 
rane mammillary rate constants from the peripheral 
compartments to the central compartment did not 
differ from those for isoflurane. 

Sevoflurane mammillary time constants were 
smaller than those for isoflurane for the lungs (1/k,9), 
but did not differ from isoflurane for the other com- 
partments (Table 4). Mammillary elimination time 
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Table 2. Hybrid Washout Time Constants (min) 























Compartment Sevoflurane Isoflurane 
Lungs 0.46 + 0.08" 0.39 + 0.09 
Vessel-rich group 9.17 + 4.08" 9.80 + 4.31 
Muscle group 81.7 + 42.6 85.0 42.1 
Fourth compartment 437 + 163 474 + 162 
Fat group 2230 + 730 2310 + 930 

Values are expressed as mean + sp. 

‘Significantly different from isoflurane (P < 0.05). 

Table 3. Mammillary Rate Constants (min~') 
Rate 

constant Sevoflurane Isoflurane 
kio 1,78 + 0.32" 1.64 £ 0.33 
kj» 0.709 + 0.145" 1.26 + 0.204 
kis 0.223 + 0.035" 0.402 + 0.055 
kja 0.125 + 0.056" 0.243 + 0.072 
kis 0.0310 + 0.0196" 0.0646 + 0.0414 
kə 0.194 + 0.092 0.210 + 0.082 
kay 0.0231 + 0.0198 0.0230 + 0.0156 
Kai 0.00313 + 0.00180 0.00304 + 0.00169 
ks, 0.000502 + 0.000117 0.000500 + 0.000119 
kay 0.0094 + 0.0171 0.0093 + 0.0137 








Values are expressed as mean £ sp. 
"Significantly different from isoflurane (P < 0.05). 


Table 4. Mammillary Time Constants and Transit 
Times (min) 





Time constant or 


transit time Isoflurane 


0.634 £ 0.143 
0.281 + 0.037 


Sevoflurane 


0.580 + 0.120° 
0.355 + 0.055" 





Fk (lungs) 
Dko + kiz + ki 


+ ki + kis) 

Vka, (vessel-rich 6.17 + 2.65 5.38 + 1.94 
group) 

Mkaa + ka) 6.05 + 2.72 5.20 + 1.93 

Tka, (muscle 63.3 + 31.6 57.0 + 26.0 
group) 

Vka; (fourth 377 Ł 123 383 + 119 
compartment) 

Ik, (fat group) 2,120 + 690 2,130 + 680 

Tk 5,710,000 + 5,350,000 4,290,000 + 5,350,000 





Values are expressed as mean + sD. 
“Significantly different from isoflurane (P < 0.05). 


constants from the VRG (1/k9) did not differ between 
these anesthetics according to nonparametric statisti- 
cal testing. 

With two minor exceptions, neither the calculated 
blood flows nor the tissue volumes for a given com- 
partment for sevoflurane differed from those for 
isoflurane (Table 5). The data for sevoflurane gave a 
slightly greater estimate of blood flow to the FG than 
the data for isoflurane. The fourth compartment 
tissue volume for the isoflurane data was greater than 
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Table 5. Estimated Blood Flow and Tissue Volume 


Blood flow (mL-100 mL 
tissue” tmin” t) 





Tissue volume (L) 





Compartment Sevoflurane Isoflurane Sevoflurane Isoflurane 





Vessel-rich 31 415 31 + 12 7422.6 7142.5 
group 

Muscle group 72 £462 67446 114248 11.34 5.6 

Fourth 5+9 1428 2520.6" 300.7 
compartment 

Fat group 2420.6" 22405 412430 512441 





Values are expressed as mean £ sp. 
“Significantly different from isoflurane (P < 0.05). 


Table 6. Pulmonary Recovery of Anesthetics 








Total Pulmonary Anesthetic Normalized 

uptake elimination recovered recovery’ 
Anesthetic (mL) (mL) (%) (%) 
Sevoflurane 235 +45 236 + 45 101 +7 100 + 4 
Isoflurane 236 + 31 239 + 37 101 + 6 100 





Values are expressed as mean + sp. 
“Normalized to the recovery of isoflurane. 


that for the sevoflurane data. Total body clearances of 
sevoflurane (3.6 + 0.6 L/min) and isoflurane (3.6 + 
0.5 L/min) did not differ from each other. 

The correlation between fat volume estimated 
from the mammillary rate constants and fat volume 
defined by skinfold thickness measurements was 
significant (7? = 0.35; P < 0.05). Similarly, the corre- 
lation between mammillary time constants of the FG 
(1/k;,) and fat volume estimated by skinfold thickness 
reached significance (r* = 0.44; P < 0.02). 

The recovery of sevoflurane and isoflurane did not 
differ from each other either as absolute or normal- 
ized values (Table 6). The absolute data did not differ 
from 100%. 


Discussion 


Relative to sevoflurane, Fa/Fi increased more rapidly 
with N,O and desflurane and less rapidly with iso- 
flurane and halothane (Figure 2). Such results agree 
with what would be predicted from the relative 
blood/gas partition coefficients of these anesthetics. 
They suggest that induction of anesthesia with des- 
flurane and sevoflurane may be more rapid than 
induction with isoflurane if pungency does not limit 
the rate at which the inspired concentration of des- 
flurane and sevoflurane may be increased. Similarly, 
induction with desflurane may be more rapid than 
induction with sevoflurane. However, clinical expe- 
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rience suggests that induction will be most rapid with 
sevoflurane because of the greater pungency of des- 
flurane. 

Fa/Fag for sevoflurane decreased more rapidly 
than that for isoflurane (Figures 3 and 4). Again, this 
is consistent with the smaller solubility of sevoflurane 
in blood (1) and indicates that recovery from anesthe- 
sia with sevoflurane will be more rapid than recovery 
from isoflurane. Although Fa/Fa, for desflurane de- 
creased more rapidly than that for sevoflurane during 
the first 120 min of elimination, the difference is not 
great. A more rapid recovery from anesthesia with 
desflurane than sevoflurane has been found in stud- 
ies in rats, and both agents had a more rapid recovery 
than isoflurane and halothane (17). 

The differences among sevoflurane, isoflurane, 
and desflurane increase with the passage of time 
(Figure 4). Although elimination from muscle and fat 
does not differ between sevoflurane and isoflurane as 
indicated by the similar hybrid and mammillary time 
constants for sevoflurane and isoflurane in the VRG, 
MG, fourth compartment, and FG, desflurane is 
eliminated from muscle and fat more rapidly than 
isoflurane (8). These findings reflect the higher tissue/ 
blood partition coefficients of sevoflurane, isoflurane, 
and halothane relative to desflurane. That is, elimi- 
nation of sevoflurane from major depots is slower 
than that for desflurane and at the same rate as that 
for isoflurane or halothane. Levels, and thus effects, 
of “trace” concentrations of sevoflurane may be 
greater than those of desflurane but less than those of 
halothane or isoflurane. 

We did not show metabolism of sevoflurane by 
either mass balance or clearance analysis for the VRG 
(i.e., there was no difference between the values for 
kə). However, in a similar study using mass balance 
Carpenter et al. found 10% metabolism of enflurane 
(18). This metabolism results in an increase in serum 
inorganic fluoride concentration similar to that pro- 
duced by sevoflurane (4). Carpenter et al. did not 
provide a mammillary analysis. 

In contrast to their relationship during anesthetic 
administration, sevoflurane elimination is more rapid 
than that of N,O (Figure 2). More rapid elimination of 
N20 might have been predicted from the blood/gas 
partition coefficients for these two agents. Indeed, 
the elimination of NO found by other investigators 
(19-21) is more rapid than that we found for sevoflu- 
rane. The slower elimination of N,O in our study 
results from its longer time of equilibration (180 min 
for NO vs 30 min for sevoflurane) and, conse- 
quently, greater stores of N,O in tissues. 

Although the elimination of sevoflurane will be 
more rapid than that of other, presently available, 
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potent agents (and recovery will be more rapid), two 
properties of sevoflurane suggest that recovery from 
anesthesia will be less rapid than that achieved with 
N,O. First, sevoflurane is more potent and may be 
used to achieve deeper levels of anesthesia. The 
larger deposition of anesthetic that results will tend to 
delay recovery (5). Second, the tissue/blood partition 
coefficients for sevoflurane (3) are greater than those 
for NO (22-24) and this will proportionately delay 
clearance of sevoflurane from the tissues, including 
the brain. 

The reader may ask why we undertook both the 
hybrid and mammillary analyses. We reply that al- 
though the analyses overlap in some of the answers 
they provide, each supplies some unique insights. 
The mammillary analysis provides the rate constants 
and (as noted), with a knowledge of partition coeffi- 
cients, allows estimates of tissue volumes, blood 
flows, and metabolism. The volumes and flows may 
be compared with known volumes and flows for the 
presumed tissue groups to support the presumptions 
regarding assignment of compartments to specific 
tissue groups. The hybrid analysis also has some 
appreciable advantages. It is easier to perform and 
more robust. Although not a problem in the present 
study, where we previously were unable to obtain 
convergence with the mammillary analysis we often 
succeeded in obtaining convergerice using the hybrid 
analysis. The hybrid analysis provides an economical 
approach (appreciably less computer time) to de- 
fining the least number of compartments best repre- 
senting the data. It provides an accurate assessment 
of the terminal time constant used for extrapolation to 
infinity. It allows a comparison with historical data 
[e.g., our results for the hybrid time constants for 
isoflurane are similar to those from the studies by 
Carpenter et al. (18)] (Table 2). 

Moreover, the time constants obtained with hybrid 
analysis reasonably approximate those obtained by 
mammillary analysis. This is particularly true of the 
terminal constants but also applies to the other con- 
stanis, with the possible exception of the time con- 
stant for the first compartment, where mammillary 
values are approximately twice the hybrid values. In 
fact, there is an obvious, very high correlation be- 
tween the hybrid and mammillary results across 
compartments (i.e., regressing results for all compart- 
ments). More impressive yet is the agreement for 
regressions for within-compartment analyses: the 
correlation coefficients squared (r*) range from 0.79 to 
0.97 with an average value of 0.87 + 0.09, except for 
the lungs where the r value is 0.14. Such data 
suggest that for these analyses the hybrid results 
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might substitute for or verify the accuracy of the 
mamumnillary results. 

However, the accuracy and correlation depend on 
a substantial separation of compartment characteris- 
tics. For the present data, the separations are consid- 
erable. Each time constant is approximately one order 
of magnitude greater than the preceding time con- 
stant. Where such separation is not achieved, accu- 
racy suffers and the hybrid values may not approxi- 
mate the mammillary values. Of course, under these 
circumstances it may be difficult or impossible to 
determine the mammillary values. 

We found a correlation (7? = 0.44) between the 
mammillary time constant of the FG and the fat 
volume in the body estimated by skinfold thickness. 
This indicates a slower elimination of anesthetics 
from fat in obese than, in lean individuals. Thus, 
patients with more body fat will be exposed longer to 
“trace” concentrations than patients with less body 
fat. This is intuitively obvious. However, it should be 
noted that only one of our subjects had more than 
25% body weight as fat and that excluding the data 
for this subject resulted in no significant correlation 
for the remaining subjects whose fat content ranged 
from 13% to 22%. - 

The mammillary analysis ee estimations of 
tissue volumes gave results that were too small for all 
groups compared with known values (25). Similarly, 
correlation between fat volume estimated from the 
mammillary analysis versus skinfold thickness was 
less than perfect. The result is that our analysis only 
accounts for about 25 L of the body volume. Even 
assuming that certain tissues (e.g., cartilage) do not 
contribute to the uptake process and therefore are 
“invisible,” our analysis clearly produces an under- 
estimate of tissue volumes. The explanation for this 
discrepancy is not certain. 

Similarly, compared to known values (25), our 
blood flow estimates were too small for the VRG and 
too large for the MG. Possibly the intertissue diffu- 
sion that we believe provides the explanation for the 
fourth compartment may apply more broadly. Thus 
the flow (delivery of anesthetic) to the MG may be 
“enlarged” by its proximity to the VRG. 

Indeed, the discrepancy between the predicted 
and observed values for time constants and tissue 
volumes calls into question the adequacy of (a) the 
data, (b) the kinetic analysis, and/or (c) the paradigm 
presently used to explain pharmacokinetics in phys- 
iologic terms. The data may be suspect in that there is _ 
an underlying assumption that the end-tidal concen- 
trations accurately indicate the anesthetic partial 
pressures in arterial blood. Although there appears to . 
be a good correlation between the two, gradients 
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exist (26,27). These will be larger during periods of 
considerable change in concentration (i.e., during the 
periods of initial administration and elimination), and 
thus may confound our ability to accurately predict 
volumes and time constants for the lungs and VRG. 
Because the estimates for V, also depend to a great 
extent on the measurements made during this time, 
V values also may be inaccurately assessed, thereby 
contributing to erroneous estimates, particularly of 
tissue volumes. The period after anesthesia when 
subjects did not remain at a basal state (with conse- 
quent changes in ventilation, cardiac output, and 
distribution of blood flow) also may contribute to 
discontinuities in the data and hence “errors” in the 
kinetic analysis. However, this should most affect 
values for fat, and our calculated values for blood 
flow appear to accurately reflect known values. 

Pulmonary clearances djd not differ between 
sevoflurane and isoflurane despite the twofold differ- 
ences in their solubilities. Although k,) was, as might 
be anticipated, inversely correlated with solubility, 
the opposite change in V, resulted in the absence of a 
difference. Similarly, total body clearance of sevoflu- 
rane was the same as that of isoflurane. This result 
would not be predicted from the differences in solu- 
bility and biodegradation of these compounds. Both 
of these factors would favor a more rapid clearance of 
sevoflurane. 
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Low-Dose Clonidine Enhances Pregnancy-Induced Analgesia to 
Visceral but Not Somatic Stimuli in Rats 


Hiroshi Iwasaki, MD, PhD, J. G. Collins, PhD, Yoji Saito, MD, Hiroshi Uchida, MD, 


and Ann Kerman-Hinds, Bs 


IWASAKI H, COLLINS JG, SAITO Y, UCHIDA H, 
KERMAN-HINDS A. Low-dose clonidine enhances 
pregnancy-induced analgesia to visceral but not somatic 
stimuli in rats. Anesth Analg 1991;72:325-9. 


This is one of a series of experiments designed to examine 
the possible pharmacologic basis for analgesia normally 
associated with pregnancy. The antinociceptive effects of 
low-dose (0.1 mgikg) subcutaneous clonidine on analgesia 
associated with pregnancy were evaluated in rats. Colorec- 
tal distention thresholds and tail-flick latencies were deter- 
mined in timed pregnant rats (n = 27) before mating, on 
days 7 and 21 of gestation, and on postpartum day 7. 
Immediately after baseline testing on each of those days, 
animals received 0.1 mg/kg clonidine subcutaneously and 
were retested 30 min later. On day 21 of gestation, 
20 pgikg naloxone (n = 9) and 0.2 mg/kg yohimbine 
(n = 5) were intravenously administered after clonidine 
testing, and animals were retested 15 min later. 

In the absence of clonidine, pregnant animals demon- 


There is a general clinical impression that a parturient 
has a lowered requirement for anesthetics and anal- 
gesics. A possible explanation for these observations 
is that endogenous analgesic mechanisms are stimu- 
lated by pregnancy, resulting in a phenomenon that 
has been referred to as “pregnancy-induced analge- 
sia.” A recent study has provided evidence that 
pregnancy increases median nerve susceptibility to 
lidocaine in humans (1), and both human and animal 
studies have reported a pregnancy-induced analgesia 
(2,3). In the human study (2), pressure-induced pain 
thresholds were observed to increase during the last 
16 days of pregnancy. In the rat study (3), pain 


Presented in part at the meeting of the International Anesthesia 
Research Society, Honolulu, Hawaii, March 1990. 

Received from the Department of Anesthesiology, Yale Univer- 
sity School of Medicine, New Haven, Connecticut. Accepted for 
publication October 30, 1990. 

Address correspondence to Dr. Collins, Department of Anes- 
thesiology, Yale University School of Medicine, New Haven, CT 
06510. 


©1991 by the International Anesthesia Research Society 
0003-2999/91/$3.50 


strated a statistically significant increase in their tolerance 
of colorectal distention pressures and longer latencies to 
tail-flick withdrawai on day 21 of gestation. Clonidine 
produced a further significant increase in distention thresh- 
olds on day 21 of gestation but did not change these 
thresholds on any other day, nor did it change tail-flick 
latencies. Naloxone and yohimbine reversed the effect of 
clonidine on the distention thresholds on day 21. 

Systemic clonidine, at a dose lower than that required to 
produce antinociception in nonpregnant rats, enhanced 
pregnancy-induced analgesia to visceral stimulation late in 
pregnancy, an effect that was reversed by naloxone and 
yohimbine. These results suggest a synergistic antinocicep- 
tive effect of clonidine due to an interaction with an 
endogenous opiate system that is only activated late in 
pregnancy. 

Key Words: PREGNANCY, PHYSIOLOGIC 
ANALGESIA. ANESTHESIA, OBSTETRICAL— 
pregnancy-induced analgesia. 


thresholds were observed to rise abruptly during the 
last 2 days of the 21-day gestation period. Not all 
reports, however, support the existence of analgesia 
normally associated with pregnancy (4,5). Because of 
the difficulty in producing a reliable, noninvasive, 
repeatable visceral stimulus, previous studies typi- 
cally have not evaluated visceral pain in pregnant 
animals even though visceral pain is of obvious 
importance to the management of labor pain. We 
have recently demonstrated the adequacy of colorec- 
tal distention as a visceral stimulus for use in preg- 
nant rats and have also confirmed the existence in 
rats of a pregnancy-induced, naloxone-reversible an- 
algesia to both somatic and visceral stimuli late in 
pregnancy and the early postpartum period (6). 
Clonidine, an a,-adrenergic receptor agonist, widely 
used as a clinical antihypertensive drug, is an agent of 
considerable interest to anesthetists because of its anti- 
nociceptive properties both in experimental animals 
(7-10) and in humans (11,12). Of particular interest to 
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Figure 1. Comparison of colorectal distention thresholds (left) and 
tail-flick latencies (right) before (open bars) and after (filled bars) 
subcutaneous administration of 0.1 mg/kg clonidine in pregnant 
rats. A statistically significant increase in thresholds for colorectal 
distention (n = 27) and tail-flick latencies (n = 11) on day 21 of 
gestation was demonstrated. Colorectal distention thresholds after 
clonidine administration on day 7 of gestation and postpartum day 
7 were not significantly different from preclonidine values. On day 
21 of gestation, there was a significant increase in colorectal 
distention thresholds compared with preclonidine values. Cloni- 
dine produced no significant changes in tail-flick latencies. 
*P < 0.05 compared with prepregnant baseline values. + P < 0.05 
compared with preclonidine values on day 21 of gestation. Vertical 
bars indicate mean + sp. 


the study reported here is the fact that an enhancement 
of opiate analgesia after the administration of clonidine 
by several different routes has been reported (13-16). 
Clinically, the combination of a small dose of morphine 
and clonidine provides a new approach to reduce 
morphine requirements and to delay the onset of mor- 
phine tolerance in terminally ill patients in pain (17,18). 

Because pregnancy-induced analgesia is naloxone- 
reversible and small doses of clonidine have been 
shown to powerfully enhance opiate analgesia, we 
hypothesized that low doses of clonidine would 
increase pregnancy-induced analgesia to both so- 
matic and visceral noxious stimulation. The purpose 
of this study was to test that hypothesis. This study 
was previously reported in abstract form (19). 


Materials and Methods 


This protocol was approved by the Yale University 
Animal Care and Use Committee. A total of 31 female 
Sprague-Dawley rats, weighing 250-300 g at the start 
of the experiments, were used. Animals were housed 
in individual cages, with free access to food and 
water, and were kept on a 12-h light/dark cycle with 
lights on at 6 AM. 

Rats were time-mated, and the first day on which 
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mucous plugs were detected in the cage was desig- 
nated as day 1 of pregnancy. To reduce the effects of 
handling on nociceptive responses, all animals were 
handled and trained in the test situation for at least 3 
days before testing, and all measurements were made 
by the same experimenter. 

Two tests (colorectal distention, tail-flick) were 
used to assess each animal’s response to noxious 
visceral and somatic stimuli. The colorectal distention 
apparatus and methods were modified from Ness 
and Gebhart (20), who demonstrated the aversive 
nature of the stimulus including cardiovascular and 
visceromotor changes suggestive of noxious stimula- 
tion. Colorectal distention involves inflation with air 
of a 7-8-cm-long, pressure-monitored, flexible latex 
balloon introduced into the descending colon and 
rectum. The balloon is inserted through the anus 
under light halothane anesthesia, but animals are 
awake during testing. Intracolonic pressure is contin- 
uously monitored via an in-line pressure transducer. 
Air pressure within the intracolonic balloon is 
steadily increased at a rate of 2 mm Hg/s beginning at 
0 mm Hg until contraction of abdominal musculature 
is detected by sudden increases in recorded pressure 
that are associated with palpable constriction of ab- - 
dominal musculature. The pressure at which abdom- 
inal constrictions are triggered by balloon distention 
is defined as the threshold response of colorectal 
distention. To prevent tissue damage, a cut-off dis- 
tention pressure of 60 mm Hg is employed. 

Standardized tail-flick testing was employed by 
monitoring latency to withdrawal from a heat source 
(a 50-W projection lamp bulb) focused on a distal 
segment of the tail (approximately 2 cm from the tip). 
The location on the tail that was stimulated was 
systematically varied so that the same portion of the 
tail was not exposed repeatedly to the light source. A 
10-s cut-off point was employed in the tail-flick tests 
to minimize tissue damage. 

After determining baseline colorectal distention 
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thresholds and tail-flick withdrawal latencies, ani- 


mals (n = 27) were mated and retested at days 7 and 
21 of gestation and 7 days after parturition. Immedi- 
ately after testing on those days, animals were given 
0.1 mg/kg clonidine subcutaneously (doses based on 
weight on day 7 of gestation) and then retested at 
30 min, a time of peak effect as revealed in time- 
course studies. In addition, in 12 of 27 pregnant rats, 
either 20 g/kg naloxone (n = 7) or 0.2 mg/kg yohim- 
bine (n = 5) (doses based on weight on day 21 of 
gestation) was administered intravenously on day 21 
of gestation 20 min after the administration of cloni- 
dine, and animals were retested 15 min later. Doses 
of naloxone and yohimbine were determined in a 
separate pilot study. Clonidine and yohimbine were 
dissolved in normal saline and administered in a 
volume of 1.0 mL/kg. 

Each colorectal distention and tail-flick test was 
repeated six times at each time-point with a 30-s 
intertrial interval. The mean of the last three tests at 
each test time-point was used for analysis. Values are 
presented as the mean + sp. Statistical comparisons 
of mean thresholds and withdrawal latencies were 
performed with analysis of variance and Student's 
t-tests. Differences were considered to be precede 
significant at P < 0.05. 


Results 


Baseline colorectal distention values (20.3 + 2.44 mm 
Hg) were similar to those reported by Ness and 
Gebhart to be aversive in nonpregnant awake rats 
(20). As shown in Figure 1, pregnant animals dem- 
onstrated a statistically significant increase in thresh- 
olds for colorectal distention and latencies to tail-flick 
withdrawal on day 21 of gestation. Colorectal disten- 
tion thresholds after subcutaneous administration of 
0.1 mg/kg clonidine on day 7 of gestation and post- 
partum day 7 were not significantly different from 
preclonidine values. In contrast, on day 21 of gesta- 
tion, clonidine administered at a dose of 0.1 mg/kg 
produced a significant increase in colorectal disten- 
tion thresholds (36.5 + 7.65 mm Hg) compared with 
preclonidine values on day 21 (26.7 + 3.31 mm Hg). 
The mean body weights of animals on days 7 and 
21 of gestation and postpartum day 7 were 317.7 + 
40.7 g, 420.8 + 49.2 g, and 324.0 + 37.7 g, respec- 
tively. The mean dose of clonidine that pregnant 
animals received on day 21 of gestation when based 
on their weight on day 7 of gestation was 0.08 + 
0.006 mg/kg. As shown in Figure 1, clonidine pro- 
duced no significant change in tail-flick latencies 
throughout the study. 
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Figure 2. Effects of intravenous administration of either 20 g/kg 
naloxone or 0.2 mg/kg vohimbine on colorectal distention thresh- 
olds on day 21 of gestation after the subcutaneous administration 
of 0.1 mg/kg clonidine in pregnant rats. On day 21 of gestation, 
significantly elevated thresholds after clonidine administration ` 
were significantly antagonized by naloxone (n = 9) to prepregnant 
baseline values and by yohimbine (n = 4) to preclonidine values. 
*P < 0.05 compared with prepregnant baseline values. ++ P < 0.05 
compared with preclonidine values on day 21. @P < 0.05 compared 
with clonidine values on day 21. *P < 0.05 compared with 
clonidine values on day 21. Vertical bars indicate mean + sp. 


The change in distention thresholds was apparent 
at 10 min (34.2 + 7.82 mm Hg), with a peak effect at 
30 min (38.7 + 6.56 mm Hg), and persisted for 
approximately 1 h after clonidine administration. 

The potentiating effect of 0.1 mg/kg clonidine as 
assessed by colorectal distention on day 21 of gesta- 
tion was antagonized to prepregnant baseline values 
by 20 ug/kg naloxone (n = 5) administered intrave- 
nously and was also reversed by 0.2 mg/kg yohim- 
bine (n = 4) administered intravenously (Figure 2). 


Discussion 


As we have previously confirmed (6), pregnancy- 
induced analgesia to visceral and somatic noxious 
stimulation is evident late in pregnancy in rats. 
Additionally, systemic clonidine, at a lower dose than 
that required to produce significant antinociception, 
enhanced the pregnancy-induced analgesia to nox- 
ious visceral stimulation late in pregnancy. 

The possible role of a-adrenergic receptors in 
antinociception has been suggested by the fact that 
clonidine when administered alone by several routes 
in a number of animal models (7-10) as well as in 
humans (11,12) produces a potent antinociceptive 
effect. Clonidine also potentiates the antinociceptive 
effect of morphine, the administration of combina- 
tions of clonidine and morphine producing a syner- 
gistically greater analgesia than that produced by 
either drug alone but avoiding the side effects of both 
agents, including the development of tolerance to 
morphine or clonidine (13-16). The analgesic effect of 
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clonidine has been believed to act mainly through an 
opiate-independent mechanism because the effect is 
antagonized by the az-adrenergic antagonist yohim- 
bine but not the opiate antagonist naloxone (21-23). 
However, a naloxone-reversible component of the 
analgesic effect of clonidine has been recently ob- 
served in rats (24). 

The present study showed that the potentiating 
effect of a low dose of clonidine observed only on day 
21 of gestation was completely antagonized by nalox- 
one to prepregnant baseline values and was also 
reversed by the a-adrenergic antagonist yohimbine to 
preclonidine values. These observations strongly 
suggest that the synergistic antinociceptive effect of 
low-dose clonidine is produced by an interaction with 
an endogenous opiate system that is only active near 
the time of parturition (no similar effect was seen on 
day 7 of gestation and postpartum day 7). 

Interestingly, the present results demonstrated 
that the small dose of clonidine produced no signifi- 
cant change in tail-flick tests at any test time-point. 
Clonidine has been shown to be effective in increas- 
ing the latency of tail-flick responses as well as 
decreasing the number of writhes induced by injec- 
tion of irritating chemical solutions in nonpregnant 
animal studies (25,26). Intrathecal clonidine has also 
been shown to dose-dependently inhibit responses to 
colorectal distention (27). The absence of a clonidine 
effect on tail-flick latencies in this study suggests that 
at low dose there may be a selective antinociceptive 
effect on visceral stimuli. There is evidence for quan- 
titatively different effects of clonidine and morphine 
on visceral and cutaneous spinal nociceptive trans- 
mission (28). An alternative explanation is that be- 
cause the stimuli were not of equivalent intensity, the 
drug effect appears to be selective for colorectal 
distention. 

Selectivity for visceral stimuli has been associated 
with x-opiate receptors because it has been reported 
that x-agonists exert a selective suppression of re- 
sponse on visceral chemical writhing tests but are less 
active at inhibiting a cutaneous thermal evoked reflex 
(29). A recent report has indicated that the x-opiate 
receptor subtype is involved in modulating the anal- 
gesia of pregnancy in rats (30). These results raise the 
possibility that the selective effect of low-dose cloni- 
dine administered systemically on visceral stimuli in 
this study is due to an a-adrenergic-x-opiate interac- 
tion. 

Although our interpretation of the data is that the 
threshold of a noxious stimulus has been elevated, 
we must also consider the possibility that clonidine, 
by influencing the autonomic nervous system, 
changed the smooth muscle response to distention. 
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Such a change may not be associated with noxious 
information but would still be of interest because it 
was only observed on day 21 of gestation. 

Because a major part of pain sensation in labor is 
associated with visceral nociception from uterine, 
cervical, and peritoneal fibers, the synergistic inter- 
action that we observed in this study may prove to be 
clinically useful in the design of control strategies for 
labor pain. The complex nature of sensory processing 
within the spinal dorsal horn provides many oppor- 
tunities zo modulate noxious afferent input. By better 
understanding the systems responsible for that mod- 
ulation, we may be able to amplify the body’s own 
ability to regulate pain sensation. 

In conclusion, a naloxone-reversible analgesia to 
visceral and somatic stimulation was demonstrated 
late in pregnancy in rats. Low-dose clonidine pro- 
duced marked behavioral effects on visceral but not 
somatic stimuli late in pregnancy in rats. The present 
results provide additional confirmation of previous 
reports that the terminal stages of pregnancy and the 
early postpartum period in rats are associated with 
elevated pain thresholds that are opioid-mediated. 
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We measured the pharmacokinetics of hydromorphone in 
normal volunteers given three doses of the drug (10, 20, 
and 40 ug/kg) as intravenous 45-s injections on different 
days. Concentrations of hydromorphone in plasma from 
serial blood samples were measured by a high-performance 
liquid chromatography method specific for hydromorphone 
with a detection limit of 0.1 ng/mL. In all cases, plasma 
hydromorphone concentration versus time data for individ- 
ual subjects were best described by a triexponential (instead 
of mono- or biexponential) function. Furthermore, we found 
that the pharmacokinetics of hydromorphone was indepen- 


Hydromorphone, the 6-oxo derivative of morphine, 
is an opioid with appreciable selectivity for u-opioid 
receptors. Pharmacodynamically, hydromorphone 
differs from the parent drug mainly in potency. The 
onset and duration of clinical analgesic effect of 
hydromorphone and morphine are similar (1,2). Like 
morphine, hydromorphone is a hydrophilic opioid 
with an octanol/water partition coefficient of about 1 
(3) although even lower values (i.e., 0.3) have been 
reported (4). Hydromorphone is excreted mainly as 
the 3-glucuronide in humans (5), and little if any 
hydromorphone-6-glucuronide is formed in humans. 

For a drug that has been used clinically for so 
many years, it is surprising that the pharmacokinetics 
of hydromorphone has not been thoroughly studied. 
In the two pharmacokinetic studies that have been 
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dent of dose across the range studied. Averaged across 
doses, the distribution and terminal elimination half-lives 
were 1.27 min (ty._), 14.7 min (ta), and 184 min 
(ty/2g), respectively. Average values for systemic clearance, 
initial dilution volume, and steady-state volume of distri- 
bution were 1.66 Limin (Cl), 24.4 L (Ve), and 295 L 
(Vd,,). Our results indicate that hydromorphone pharma- 
cokinetic parameters are linear across a fourfold range of 
doses that are usually employed clinically and that previ- 
ously reported pharmacokinetic values for hydromorphone 
(based on radioimmunoassay measurements) deserve recon- 
sideration. 


Key Words: ANALGESICS, 
HYDROMORPHONE—pharmacokinetics. 
PHARMACOKINETICS, HYDROMORPHONE. 


published, radioimmunoassays designed for measure- 
ment of morphine were employed without assurances 
that they were specific for hydromorphone quantita- 
tion; theoretically, hydromorphone metabolites could 
cross-react with the antibody. Vallner et al. (6) mea- 
sured hydromorphone concentrations in plasma of pa- 
tients given 2-mg bolus intravenous injections of hydro- ° 


_morphone. They reported that hydromorphone 


followed ‘single-compartment’” pharmacokinetics, 
with an elimination half-life of 158 min, apparent (ex- 
trapolated) volume of distribution of 91 L, and total 
clearance of about 0.4 L/min. In the other study (7), 
hydromorphone pharmacokinetics was best described 
by biexponential decay curves in normal volunteers. 
Parab et al. (7) reported distributional and elimination 
half-lives of 4.2 and 142 min, respectively, total clear- 
ance of 1.02 L/min, initial dilution (“central compart- 
ment”) volume of 16 L, and an apparent volume of 
distribution of 203 L. As is apparent, the studies differ 
markedly in most respects and the pharmacokinetics of 
hydromorphone after intravenous dosing remains un- 
clear. Furthermore, in previous studies, blood was not 
sampled early enough after the bolus hydromorphone 
doses to characterize fully the distributional properties 
of the drug. 


w 


HYDROMORPHONE PHARMACOKINETICS 


Hydromorphone is receiving renewed attention as 
an alternative to morphine for treatment of prolonged 
cancer-related pain (8,9). Because it can be prepared 
in more concentrated aqueous solutions than mor- 
phine and because it is about seven times more 
potent (1,10), hydromorphone is being used with 
increasing frequency in cancer patients who require 
high parenteral doses of an opioid analgesic for 
long-term pain control. This resurgent interest in 
hydromorphone has increased the importance of 
improving our understanding of hydromorphone 
pharmacokinetics in human subjects. In this report, 
we describe results obtained in a group of relatively 
young, healthy volunteers as a basis for comparison 
of hydromorphone pharmacokinetics in cancer pa- 
tients of both similar and different ages involved in 
studies in progress. 

We used a specific high-performance liquid chro- 
matography method to determine the pharmacoki- 
netics of hydromorphone at three different intrave- 
nous dose levels in a group of 10 normal volunteers in 
order to further define pharmacokinetic parameters 
of this widely used opioid and to establish whether or 
not its pharmacokinetics was dose-dependent. This 
represents the first detailed report on hydromor- 
phone pharmacokinetics using highly specific high- 
performance liquid chromatography for measuring 
plasma hydromorphone concentrations in human 
subjects. 


Methods 
Subjects 


Ten healthy volunteers, men between 21 and 38 yr 
of age with body weights of 63.4-99.2 kg (mean, 
72.7 kg) were recruited for this study. AIl subjects 
were within +10% of norms for body weight and 
height. All subjects gave informed consent as ap- 
proved by the Institutional Review Board of Fred 
Hutchinson Cancer Research Center. 


Subject Preparation 


On each test day, we placed 22-gauge catheters in the 
basilic vein of the subject's left arm for drug admin- 
istration and in the right arm for blood sampling. We 
drew blood samples into heparinized syringes just 
before and 1, 2, 3, 4, 5, 7, 10, 15, 20, 30, 45, 60, 90, 
120, 180, 240, and 300 min after a 45-s injection of 10, 
20, or 40 ug/kg of hydromorphone (calculated as 
base). Blood samples were placed on ice until the end 
of each test session and then were centrifuged to 
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obtain plasma samples. Plasma was stored at —40°C 
for later assay of hydromorphone concentration. A 
minimum of 7 days separated all hydromorphone 
doses in each subject. We randomized the order of 
administration of the three doses within and across 
subjects. 


Hydromorphone Assay 


We employed a modification of the general method of 
Todd et al. (11). For extraction of hydromorphone, 
1-mL aliquots of plasma were thoroughly mixed with 
1.5 mL sodium borate buffer (pH 8.96) and the 
internal standard (20 ng nalorphine). Samples were 
applied to liquid-liquid extraction columns (Chem- 
Elute CE1003) and allowed to equilibrate for 5 min. 
We eluted hydromorphone and nalorphine from the 
columns with two 5-mL portions of chloroform/ 
isopropanol (95:5). We evaporated the organic sol-. 
vent completely with a stream of nitrogen at 45°C, 
redissolved the residue in 400 uL mobile phase, and 
injected 20 uL for chromatographic analysis. Extrac- 
tion recoveries for hydromorphone from plasma av- 
eraged 87% with a 9.1% coefficient of variation. 

We performed hydromorphone analyses on a 
Varian 5060 high-performance liquid chromatograph 
using an ESA coulometric detector set at +0.75, 0.25, 
and 0.45 V for guard, cell 1, and cell 2, respectively. A 
Supelco C18DB cclumn (15 cm x 4.6 mm, 5-um 
particle size) and a guard column of the same material 
were used. The column was heated to 40°C. The 
mobile phase was 0.07 M phosphate buffer at pH 
3.47, methanol, acetonitrile (87:9:4) at a flow rate of 
1.0 mL/min. Within-day coefficients of variation at 1, 
5, 10, and 20 ng/mL were 6.8%, 6.3%, 4.5%, and 
4.0%, respectively, as determined with samples of 
blank human plasma to which known amounts of 
hydromorphone and internal standard were added 
(n = 10-12 samples per concentration). Between-day 
coefficient of variation at 20 ng/mL was 6.7%. The 
detection limit for hydromorphone was 0.1 ng/mL 
(3 X signal/noise). 


Data Analysis 


Plasma hydromorphone concentration versus time 
data from each subject at each dose were fit to 
biexponential and triexponential decay curves by 
nonlinear least-squares regression with constant 
weighting of 1/variance, with variance estimated as 
the predicted concentration squared (12). We chose 
the best fit in each case based on the lesser sum of 
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Figure 1. Plasma concentrations of hydromorphone after intrave- 
nous bolus doses. Values are mean (+se) for 10 subjects at each 
dose. Data points are measured concentrations, and lines repre- 
sent the nonlinear least-squares fits of the mean concentration- 
versus-time data at each dose. @, 10 ug/kg; W, 20 pg/kg; A, 
40 pg/kg. 


squared residuals with adjustment for the number of 
exponentials according to Akaike (13). We used in- 
dividual subject exponential coefficients for Cp = 
Pe" + Ae“ + Be% to calculate distributional 
half-lives, central compartment volume, and hybrid 
rate constants; total clearance and steady-state distri- 
bution volume were calculated from area under the 
concentration-time curve (AUC, extrapolated to in- 
finity using the last measured concentration/B) and 
AUMC, the first moment of AUC (14). Differences 
across doses in the mean pharmacokinetic parame- 
ters were examined by analysis of variance for signif- 
icance (P < 0.05). 


Results 


The mean measured concentrations (n = 10) of hy- 
dromorphone at each sampling time are shown in 


Figure 1. Nonlinear least-squares fits of the mean 
data for each dose indicated that the hybrid rate 
constants for net loss of hydromorphone from plasma 
were very similar across doses for the group of 
subjects. i 

All individual concentration-versus-time data sets 
were best described by triexponential (versus biexpo- 
nential) equations for each subject and dose accord- 
ing to standard criteria (13). Individual subject values 
for the constants and exponents of the triexponential 
decay curves are shown in Table 1. There was a two- 
to eightřold variation across subjects in values for 
each coefficient. 

The triexponential coefficients, along with AUC 
and mean residence time (MRT), are shown as group 
means and standard error in Table 2. The exponential 
coefficients (P, A, B) as well as AUC were linearly 
related to dose, as expected. There were no signifi- 
cant differences in the rate constants (7, œ, B) or MRT 
across doses. 

Standard pharmacokinetic parameters are dis- 
played in Table 3. Again, we found no significant 
dose-related differences for any of the parameters. 
For each pharmacokinetic parameter, individual sub- 
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Table 1. Triexponential Coefficient Rate Constants for Individual Subjects 
10 pg/kg 20 ug/kg 40 ugikg 
Dose P A B T a B P A B T a B P A B T a B 
1 52.6 3.0 12 (64 0.060 0.0046 51.1 7.7 2.6 0.70 0.068 0.0038 181 221 34 15 0.116 0.0057 
2 81 23 12 0.39 0.026 0.0019 521 58 28 1.2 0.109 0.0049 123 12.2 68 1.1 0.136 0.0056 
3 314 1.8 09 0.55 0.017 0.0023 56.9 3.2 26 0.55 0.033 0.0030 547 3.5 56 0.48 0.034 0.0050 
4 10.9 3.7 1.2 0.35 0.082 0.0071 348 62 2.3 0.66 0.078 0.0051 48.8 67 2.8 0.46 0.021 0.0027 
5 20.6 27 1.5 0.70 0.090 0.0038 35.9 6.1 1.6 0.57 0.064 0.00385 50.9 3.5 44 0.34 0.024 0.0021 
6 144.7 17 1.0 0.43 0.054 0.0028 521 2.6 1.5 0.43 0.050 0.0028 82.1 123 43 0.59 0,143 0.0050 
7 16.4 0.8 12 0.47 0.055 0.0121 41.2 62 29 11 0.114 0.0095 45.9 46 4.0 0.47 0.067 0.0069 
8 10.6 08 09 0.29 0.025 0.0018 458 3.4 1.8 0.43 0.023 0.0023 546 73 5.0 0.40 0.039 0.0055 
9 46.2 1.5 1.8 0.93 0.045 0.0039 34.1 3.6 2.4 0.47 0.054 0.0046 119 10.3 45 0.71 0.062 0.0064 
10 30.5 25 16 0.77 0.072 0.0051 101 6.8 3.0 0.79 0.061 0.0042 137 12.9 4.7 0.69 0.068 0.0040 
CV% 6 8 23 35 45 55 37 3 R2 37 42 44 50 57 23 50 61 30 
Range? 65 40 20 32 53 6.3 30 29 18 27 48 4.1 37 62 24 43 68 33 | 





P, A, and B are exponential coefficients in ng/mL and 7, a, and Bare hybrid rate constants in min™1. Coeficients of variation (CV% = sp/mean x 100) provide 
an index for comparison of relative variation in individual values across coefficients and doses. 


"Range = highest value/lowest value. 


Table 2. Analysis of Variance: Coefficients and AUC for Triexponential Fits of Individual Subject Data 








10 perkg 20 pglkg, 40 ugikg F P 
P 24.21 (4.90) 50.49 (6.19) 89.68 (14.97) 15.40 0.000 
A 2.08 (0.30) 5.17 (0.56) 9.53 (1.81) 9.77 0.001 
B 1.26 (0.10) 2.35 (0.17) 4.54 (0.35) 51.41 0.000 
m 0.552 (0.064) 0.686 (0.083) 0.671 (0.112) 0.26 0.717 
a 0.053 (0.009) 0.065 (0.010) 0.070 (0.014) 0.15 0.862 
B 0.0045 (0.0010) 0.0044 (0.0006) 0.0049 (0.0005) 0.17 0.845 
AUC 500 (72) 757 (68) 1319 (145) 40.80 0.000 
MRT 240 (54) 207 (23) 185 (30) 1.40 0.220 





AUC is the area under the plasma corcehtration versus time curve (ng-mL~!-min™!), and MRT is mear. residence time (min). P, A, and B (ng/mL) and 


a, a, and B (min~}) are defined in the text. 
Values are group means with standard errors in parentheses. 


ject values varied over a two- to sixfold range, re- 
flecting large intersubject variation in the triexponen- 
tial coefficients. 

At each dose, the ’ ‘intercompartmental” transfer 
rate constant ką, was much lower than k», and kig 
(elimination rate constant). In the context of a three- 
compartment mammillary model (Figure 2), this in- 
dicates that movement of hydromorphone from a set 
of tissues (Vg) that slowly equilibrates with blood 
governs the rate of terminal elimination of the opioid 
after an intravenous bolus dose. 

In Table 4, we present a comparison of plasma 
hydromorphone concentrations (for the 40-yg/kg 
dose) measured by high-performance liquid chroma- 
tography in this study and as measured by two 
different radioimmunoassay methods in previously 
reported studies using 2-mg intravenous doses (cor- 
responding to 23.2 ug base/kg in Vallner et al. [6] and 
25.8 ug base/kg in Parab et al. [7]) for selected times 


after the bolus doses. In each of the previous studies 
using radioimmunoassays, measured hydromor- 
phone concentrations were higher than those pro- 
duced by an even larger dose of the opioid when 
concentrations are measured by high-performance 
liquid chromatography (this study). 


Discussion 


In all subjects at all doses, we found three distinct 
phases of hydramorphone loss from plasma after 
intravenous bolus injections. The first phase (7) has 
not been characterized previously. In contrast to 
previous studies, we were able to define this “fast 
distributional” phase by sampling blood frequently at 
early times after hvdromorphone injections. Distribu- 
tional properties cf hydromorphone are very similar 
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Table 3. Pharmacokinetic Parameters for Three Doses of Hvdromorphone 








10 pgfkg 20 ugikg 
tren (min) 1.40 (0.17) 1.13 (0.12) 
tuza (min) 16.2 (2.7) 13.2 (2.3) 
tug (min) 208.0 (34.0) 182.6 (20.6) 
CI (L/min) 1.51 (0.30) 1.61 (0.19) 
Vv. (L) 26.2 (4.2) 22.8 (2.2) 
Vdss (L) 283 (24) 300 (20) 
kya 0.260 (0.039) 0.322 (0.043) 
kz- 0.110 (0.018) 0.143 (0.023) 
Kis 0.153 (0.026) 0.194 (0.025) 
ka: 0.017 (0.002) 0.017 (0.003) 
Kio 0.071 (0.013) 0.079 (0.008) 
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40 pg/kg P Pooled mean 
1.25 (0.16) 0.624 1.27 (0.08) 
14.3 (3.2) 0.724 14.7 (1.5) 

162.3 (23.6) 0.171 184.2 (15.0) 
1.85 (0.20) 0.303 1.66 (0.13) 
26.2 (3.7) 0.476 24.4 (2.0) 

301 (24) 0.702 295 (13) 

0.307 (0.052) 0.804 0.296 (0.025) 

0.142 (0.023) 0.850 0.131 (0.011) 

0.199 (0.043) 0.706 0.179 (0.018) 

0.019 (0.002) 0.888 0.018 (0.001) 

0.089 (0.019) 0.874 0.0080 (0.008) 


trae and tima are distributional half-lives and ty, is the elimination half-life; Cl, = systemic clearance. V. and Vds, are central compartment and 
steady-state distribution volumes, respectively. kyz, kzı Kız, and kg, are first-o-der intercompartmental transfer rate constants (min™*) between the central and 
shallow or deep compartments. kio = elimination rate constant (central compartment). 

Means and standard errors of individual subject values for each dose leval are presented along with mean values for all subjects at all doses. 


Dose =» 40 pg/kg 


.190 .307 
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Cp = 89.78 9's 9630 07" + 4.540 
Figure 2. Compartmental model for hydromorphone distribution 
and elimination (40 g/kg IV). V, represents the central compart- 
ment (Vc in text). 


Table 4. Comparison of Hydromorphone Plasma 
Concentrations (ng/mL) at Selected Times After 
Intravenous Bolus Doses 


Time Vallner et al. (6) Parab et al. (7) Hill et al.* 
(min) (23.2 pg/kg) (25.8 pg/kg) (40 pg/kg) 
15 28 20 7 
30 20 9 5 
60 18 5 4 
120 13 3 2.5 
"The present study. 


to those reported for morphine (15-17). We found 
that about 90% of hydromorphone is lost from 
plasma within 10 min after a 45-s injection. This rapid 
loss of hydromorphone from blood presumably to 
highly perfused tissues occurs with a mean hybrid 
rate constant of 0.636/min, about 10 times more 
rapidly than redistribution to other tissues (a = 
0.063/min). It should be noted that because we used 
forearm venous sampling here, initial local drug 
distribution may have accounted for some systemic 
drug loss during the early sampling period. Also, we 
used a brief infusion (45 s) instead of a true bolus 
delivery for the hydromorphone injections and that 


may also limit the accuracy of the estimations of 
initial hydromorphone distribution characteristics. 
Nonetheless, this apparent initial phase of rapid 
redistribution of hydromorphone is similar to that of 
morphine after intravenous bolus doses with periph- 
eral vencus sampling in normal volunteers (18) and 
in cancer patients with central venous sampling (19). 

Comparison of the intercompartmental transfer 
rate constants and elimination rate constants indi- 
cates that the rate of diffusion of hydromorphone 
from. one of the tissue “compartments” to plasma 
governs the terminal elimination of hydromorphone 
from the body (k3; << kz, kyo). This dependence of 
hydromorphone elimination on extensive tissue up- 
take and slow release of hydromorphone from tissue 
to blood is very similar to the kinetic behavior of 
morphine (15), fentanyl (20), and methadone (21), in 
contrast to alfentanil, which distributes less exten- 
sively from plasma to tissues than do other p-recep- 
tor agonists (22). 

Our findings with hydromorphone present a fur- 
ther example of the substantial pharmacokinetic vari- 
ability across subjects that is characteristic of opioids. 
The triexdonential coefficients varied over a two- to 
eightfold range in this group of subjects. This is very 
similar to the large intersubject pharmacokinetic vari- 
ability reported for meperidine (23), morphine (16), 
fentanyl (24), alfentanil (20), and nalbuphine (17). 
This pharmacokinetic variability probably contributes 
importanily to the variable clinical response to a fixed 
dose of hydromorphone. The results of this study 
reinforce the desirability of administering hydromor- 
phone on the basis of individual patient need for pain 
relief instead of using a standard dose for pain 
control. As with other opioids, use of hydromor- 
phone via patient-controlled analgesia techniques 
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should obviate or diminish the impact of pharmaco- 
kinetic variability on adequate dosing. 

In the two previous studies of hydromorphone 
pharmacokinetics, radioimmunoassays using mor- 
phine antibodies were employed to measure plasma 
hydromorphone concentrations. Catlin (25) demon- 
strated substantial variation in cross-reactivity of dif- 
ferent batches of radioimmunoassay antibody with 
morphine and its glucuronide metabolites. Unlike 
radioimmunoassay, the high-performance liquid 
chromatography method used in this study does not 
detect morphine glucuronides (or normorphine) as 
morphine. The higher plasma concentrations found 
at each time point by radioimmunoassay may be due 
to antibody cross-reactivity with hydromorphone 
metabolites (e.g., hydromorphone-3-glucuronide). 
The glucuronide metabolites of morphine have 
longer elimination half-lives and lower clearances 
and volumes of distribution than morphine (26,27). If 
the same is true of hydromorphone glucuronides, 
then the pharmacokinetic parameters reported earlier 
for this opioid would be expected to differ from those 
reported here. 

Pharmacokinetic linearity with dose is a very de- 
sirable feature relevant to clinical use of opioids and 
should be examined routinely in pharmacokinetic 
studies (28). Hydromorphone pharmacokinetics are 
not dose-dependent over the fourfold range of doses 
studied here. This is similar to results reported for 
morphine (15) and other opioids (20,21). Our estima- 
tion of terminal elimination rate constants and termi- 
nal half-life could be inaccurate because the last blood 
samples were obtained only 5 h after the hydromor- 
phone doses. However, the excellent fits of each 
subject's data and the grouped data at each dose (see 
Figure 1) by the triexponential model employed here 
during the 90-300-min period indicate that this does 
represent the terminal elimination phase for hydro- 
morphone. Half-lives determined by separately fit- 
ting monoexponential equations to the 90-300-min 
data sets of the individual subjects were very similar 
to the terminal elimination half-lives (t,., values) 
derived from the triexponential equations, indicating 
further that either the latter are valid estimates or a 
terminal hydromorphone elimination phase exists 
that does not begin to be evident until more than 5 h 
after dosing. 

We are beginning to understand the relationship 
between plasma opioid concentration, analgesic ef- 
fects, and side-effect liabilities for opioid analgesics 
that are selective u-receptor agonists (18,29,30). For 
hydromorphone, Reidenberg et al. (8) reported that 
the minimally effective plasma concentration in pa- 
tients with chronic severe pain is about 4 ng/mL. In 
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studies using continuous hydromorphone infusions 
in patients with cancer pain, Inturrisi et al. (31) found 
that half-maximal pain relief was produced by a plasma 
hydromorphone concentration of about 20 ng/mL 
(Css59), whereas the Css. for sedation was about twice 
that value. However, in both of these studies there was 
considerable intersubject variability in the pharmacoki- 
netic-pharmacodynamic relationships. Steady-state 
studies are needed to clarify the relationship between 
plasma hydromorphone concentration and magnitudes 
of pharmacologic effects (18,30); these have not yet 
been done. 





We thank Dr. Gary Donaldson for performing statistical analyses 
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hydromorphone assays. 
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Low-Dose Bupivacaine Does Not Improve Postoperative Epidural 
Fentanyl Analgesia in Orthopedic Patients 


Neal H. Badner, mp, Eleanor J. Reimer, MD, Wendy E. Komar, RN, 


and Carol A. Moote, MD 


BADNER NH, REIMER EJ, KOMAR WE, MOOTE CA. 
Low-dose bupivacaine does not improve postoperative 
epidural fentanyl analgesia in orthopedic patients. Anesth 
Analg 1991;72:337-41. 


Epidural infusions of 10 ug/mL fentanyl combined with 
low-dose bupivacaine (0.1%) were compared with epidural 
infusions of fentanyl alone for postoperative analgesia after 
total knee joint replacement. There were no detectable 
differences between the two groups in analgesia (visual 
analogue scale ranging between 15 and 40 mm), infusion 
rates (which averaged 7-9 mL/h), or serum fentanyl levels 
(which reached 1-2 ng/mL). The incidence of side effects, 


A major advance in the treatment of postoperative 
pain has been the use of epidural narcotics, primarily 
morphine, usually by intermittent injection (1,2) or, 
more recently, by continuous infusion (3,4). These 
techniques have provided improved analgesia and 
postoperative pulmonary function when compared 
with intravenous morphine injections (2). Side ef- 
fects, however, include respiratory depression, pru- 
ritus, and urinary retention, as well as nausea and 
vomiting. This has led to the use of lipid-soluble 
narcotics such as fentanyl. When given as a continu- 
ous infusion, epidural fentanyl is effective for post- 
operative pain relief with lower incidences of pruri- 
tus, nausea, and vomiting (5-7) and may not cause 
clinically significant respiratory depression (6-9). Pa- 
tients given continuous epidural infusions of fentanyl 
may, however, develop plasma fentanyl concentra- 
tions ranging from 1 to 2 ng/mL (9), concentrations 
that have been shown to depress the carbon dioxide 
ventilatory response curve (8,10). Efforts to decrease 
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including nausea, vomiting, and pruritus, was also simi- 
lar. Of the patients receiving fentanyl and low-dose bupiv- 
acaine, one developed a transient unilateral motor and 
sensory loss, and one aeveloped significant hypotension and 
respiratory depression. The addition of low-dose bupiv- 
acaine does not improve epidural fentanyl infusion analge- 
sia after knee surgery and may increase morbidity. 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—fentanyl with and without bupivacaine. 
PAIN, POSTOPERATIVE. ANALGESICS, FENTANYL. 
ANESTHETICS, Locat—bupivacaine. 


the dosage and therefore limit the systemic absorp- 
tion of fentanyl are hence desirable. 

More recently, epidural infusions of narcotic and 
low-dose bupivacaine have been used. Theoretically, 
because the two drugs act by different mechanisms, 
their effects should be additive. This should therefore 
allow decreased amounts of each drug to be admin- 
istered and thereby minimize the incidence of side 
effects. Side effects associated with bupivacaine in- 
clude sympathetic blockade and resulting postural 
hypotension, as well as sensory and motor blockade 
yielding discomfort or difficulty with ambulation. 
Initially bupivacaine was combined with morphine, 
but the combination was no better than an infusion of 
epidural morphine alone in terms of analgesia, total 
narcotic requirements, and the incidence of nausea or 
pruritus after either thoracotomy (4) or upper abdom- 
inal surgery (11). Recently, epidural infusions of 
fentanyl and low-dose bupivacaine have been shown 
to be effective for postoperative pain management 
(12-15), although the dosages of fentanyl used may 
have been sufficient to supply analgesia alone. To our 
knowledge no study has compared the combination 
of fentanyl and low-dose bupivacaine as an epidural 
infusion with an infusion of epidural fentanyl alone, 
in a double-blind, randomized fashion, as we have 
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Table 1. Demographic Data 





Fentany] Fentanyl and bupivacaine 
Age (yr) 69+ 5 65+ 6 
Weight (kg) 84 + 15 90 + 16 
Height (cm) 174 + 10 167 + 11 
Sex (male/female) 113° 6/10 
n -o 14 16 


Except for n and sex, values are expressed as mean £ sp. 
No significant differences existed. 


done in patients having undergone elective total knee 
joint replacement. 


Methods 


After institutional approval and written informed 
consent, patients who were to undergo elective total 
knee joint replacement under epidural anesthesia 
were considered for study. Patients older than 75 yr, 
with a weight greater than 100 kg, or with significant 
cardiac, renal, hepatic, or cerebrovascular disease, 
preexisting motor or sensory deficit, or psychiatric 
history were excluded from the study. 

Preoperatively, patients had an epidural catheter 
inserted at the L2-3 or L3-4 intervertebral space. 
Intraoperatively, patients were monitored in the rou- 
tne fashion. Anesthesia was produced using 0.5% 
bupivacaine and/or 2% CO, lidocaine via the epidural 
catheter at the discretion of the attending anesthetist. 
Postoperatively, on return of motor function a 
continuous epidural infusion was initiated with 
6 mL/h of a coded syringe using a standardized 
syringe pump. The infusion syringes were prepared 
as a solution with a fentanyl concentration of 
10 ug/mL with or without addition of 1 mg/mL (0.1%) 
bupivacaine. 

Postoperatively, patients remained in the recovery 
room for 2-3 h and then were transferred to the 
orthopedic floor. Blood pressure and heart rate were 
recorded every 4 h, and respiratory rate was moni- 
tored hourly during the next 48 h. Patients were also 
assessed for level of analgesia using a visual analogue 
scale (VAS; 0 = no pain and 100 = worst pain ever), 
and for the presence of nausea, vomiting, pruritus, 
motor blockade, or a sensory level to pinprick or 
temperature. These measurements were made before 
recovery room departure, later that afternoon 
(PODO0pm), on the morning of the first and second 
postoperative days (POD1amM, POD2am), and on the 
afternoon of the first postoperative day (POD1rm). If 
at any time the pain score was >33, a bolus dose of 
3 mL of the study solution was given epidurally and 
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Figure 1. Pain scores (visual analogue scale) at the five measure- 
ment times. Values are mean + sp. No significant differences were 
detected. RR, recovery room departure. 


the infusion was increased by 2 mL/h. If at any time 
after recovery room departure the patient was 
drowsy and/or somnolent the infusion rate was de- 
creased by 2 mL/h. 

Venous samples for analysis of serum fentanyl 
levels were taken at the same time intervals as above 
using a heparin lock catheter. Samples were centri- 
fuged and stored at —20°C until fentanyl analysis was 
performed using a commercial radioimmunoassay kit 
(16} (Janssen Laboratories, Beerse, Netherlands). 

Demographic comparisons were made using un- 
paired t-tests for parametric data and x° analysis for 
nonparametric data. Infusion rates and VASs were 
compared using two-factor analysis of variance for 
repeated measures. Side effects were compared with 


x analysis. 


Results 


Thirty ASA physical status III patients undergoing 
elective total knee joint repair were studied. Their 
demographic data are summarized in Table 1. There 
were no statistically significant differences in the age, 
weight, height, or sex distribution between those 
patients given epidural fentanyl alone and those 
given epidural fentanyl combined with bupivacaine. 
Four patients, two from each group, were removed 
from the study during the first postoperative day 
because of catheter dislodgement diagnosed by phys- 
ical examination or testing with 2% CO, lidocaine. 
The average pain scores at the different measure- 
ment times are shown in Figure 1. The mean pain 
scores ranged between 15 and 40 mm during the 


study period. There were no statistically or clinically 


significant differences between either group at any of 
the measurement times. The average infusion rates in 
each group are shown in Figure 2. After recovery 


room departure, the infusion rates averaged 7- 


9 mL/h over the next 48 h. Again, there were no 
statistically or clinically significant differences in 
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Figure 2. Epidural infusion rates at the five measurement times. 
Values are mean + sp. No significant differences were present. RR, 
recovery room departure. 


mean infusion rates between patients receiving epid- 
ural fentanyl and those receiving epidural fentanyl 
and bupivacaine. Assuming that a clinically signifi- 
cant difference in pain scores is 20 mm, or in infusion 
rates is 2 mL/h, and with the use of an appropriate 
power table, one finds that the power of this study is 
0.90. 

The average serum fentanyl levels are shown in 
Figure 3. The mean values increased above 1 ng/mL 
after 24 h and reached approximately 2 ng/mL after 
48 h. There were no differences between the groups 
at any of the measurement times. 

The incidences of nausea, vomiting, and pruritus 
are listed in Table 2. There were no statistically 
significant differences in the incidences of any of 
these side effects at any of the measurement times 
between the two kinds of epidural infusion. There 
was a trend to a higher incidence of nausea and 
vomiting on the first postoperative day in patients 
receiving the fentanyl and bupivacaine mixture. This 
was invariably mild, and it responded to intramuscu- 
lar diphenhydramine. One patient in the fentanyl 
and bupivacaine group developed a unilateral motor 
and sensory loss involving the L3-4 dermatome for 
the 48-h study period, which resolved on discontin- 
uation of the epidural infusion. Another patient in 
the fentanyl and bupivacaine group developed sig- 
nificant hypotension and respiratory depression (res- 
piratory rate = 6-8 breaths/min) that required treat- 
ment with intravenous crystalloid and 0.4 mg 
intravenous naloxone. 


Discussion 


Although there have been several reports of the use 
of epidural infusions of fentanyl and low-dose bupi- 
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(ng/ml) 





RR PODOPM PODIAM PODIPM POD2AM 
MEASUREMENT TIME 


Figure 3. Serum fentar.yl levels during the study period. Values 
are mean + sp. No significant differences were found. RR, recov- 
ery room departure. 


vacaine (13-15), none of them have been double- 
blind or randomized. As the dosages of fentanyl used 
with bupivacaine in these studies were similar to 
those used in studies using infusions of epidural 
fentanyl alone (8,17), we believed a double-blind 
study was necessary. We chose patients who were 
undergoing total knee replacement as they made up 
31% of the patients in the study by Lubenow et al. of 
epidural fentanyl-bupivacaine infusion (15) and be- 
cause they were a relatively homogeneous group of 
patients that would allow optimum randomization. 

We were able to obtain pain scores in our postop- 
erative orthopedic patients similar to those acquired 
in studies using epidural infusions of fentanyl com- 
bined with bupivacaine (13-15) or those using fenta- 
nyl alone (8,17). In addition, the infusion rates that 
our patients required were similar to those used in 
these other studies while using identical fentanyl 
and/or bupivacaine concentrations. We believe that a 
clinically significant difference in the VAS of 20 mm 
or 2 mL/h in infusion rates would be necessary to 
warrant using the fentany]-bupivacaine combination, 
and the power of this study is therefore sufficient to 
support our conclusions. The incidence of side effects 
was higher in the present study than that reported by 
others (13-15) who used fentanyl and bupivacaine, 
but is similar to data reported for hydromorphone 
(18) as well as for diamorphine (19) combined with 
bupivacaine. We therefore feel confident of our con- 
clusion that the addition of low-dose bupivacaine 
neither improves postoperative analgesia nor de- 
creases the incidence of side effects in orthopedic 
patients. 

Why the addition of low-dose bupivacaine to epi- 
dural fentanyl is net efficacious in orthopedic patients 
is not clear. The fact that the mean plasma fentanyl 
levels in both groups were not different at any of the 
measurement times, while at the same time being 
consistent with studies using epidural fentanyl infu- 
sions alone (8,9,20), implies that the bupivacaine is 
not inhibiting epidural fentanyl uptake. 
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Table 2. Incidence of Side Effects 
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Fentanyl Fentanyl and bupivacaine 
Time Nausea Vomiting Pruritus Nausea Vomiting Pruritus 
RR 14 7 0 31 13 6 
PODOPM 46 23 15 31 15 38 
PODIAM 29 23 21 62 46 46 
PODIPM 42 0 25 67 55 42 
POD2am 20 10 60 45 8 17 





RR, recovery room departure; PODOpm, later in the afternoon after surgery; POD1a, fizst postoperative day in the morning; POD1pm, first postoperative 


day in the afternoon; and POD2am, second postoperative day in the morning. 


No significant differences were detectable. 


We believe that the 0.1% concentration of epidural 
bupivacaine is simply insufficient to offer an advan- 
tage in the patient population we studied. Raj et al. 
(21) used epidural infusions of bupivacaine alone to 
provide postoperative analgesia to total knee joint 
replacement patients and needed 6-15 mL/h of a 
0.25% solution. All their patients had sensory losses, 
and most had motor deficits, which is presumably 
why investigators using the narcotic-bupivacaine 
combination have chosen the lower dosage of 0.1%. 
Also, most of the patients in the studies using the 
combination of epidural fentanyl and bupivacaine 
infusions have had thoracic or abdominal proce- 
dures. Visceral pain fibers run in association with 
sympathetic fibers, and there is therefore a much 
higher proportion of smaller, unmyelinated fibers 
(22) that can be more readily blocked by local anes- 
thetics. This may allow the low concentration of 0.1% 
bupivacaine to be effective in this population as 
opposed to our patients after knee joint replacement. 
This hypothesis is supported by findings in obstetric 
patients in which infusions of fentanyl (18,23,24), 
sufentanil (23,25), and alfentanil (23) mixed with 
0.125% bupivacaine supplied analgesia superior to 
that provided by infusions of bupivacaine alone: 
These studies are not entirely comparable to ours, 
however, as their patients were experiencing labor 
pain, which is not relieved by narcotics alone (26), 
and because comparisons were made with bupiv- 
acaine alone rather than with fentanyl alone. 

A recent report that continuous epidural infusions 
of hydromorphone and 0.08% bupivacaine are no 
more beneficial than hydromorphone alone for pain 
after cesarean section (27) is consistent with earlier 
studies using morphone. When morphine alone was 
compared with morphine and bupivacaine as epidu- 
ral infusions in patients after a thoracotomy (4) or in 
patients after abdominal surgery (11), no difference in 
analgesia or side effects was found. In addition, the 
only other double-blind study claiming beneficial 
effects of adding low-dose bupivacaine to an epidural 


narcotic infusion, in this case diamorphine after hys- 
terectomy, used such high infusion rates that all 
patients developed motor and sensory deficits and all 
patients required supplemental analgesia (19). These 
findings are consistent with ours and call into ques- 
tion the use of low-dose bupivacaine with epidural 
fentanyl for visceral postoperative pain as well. 

In summary, we have shown that using similar 
infusion rates epidural infusions of fentanyl provide 
analgesia equal to that provided by epidural infusions 
of fentanyl and low-dose bupivacaine without any 
difference in the incidence or type of side effects, in 
patients having total knee joint replacement. To as- 
certain whether visceral pain is different and more 
amenable to epidural infusions of fentanyl and bupiv- 
acaine will require further studies in appropriate 
patients. 





The authors wish to thank Kelly Brown for her secretarial assis- 
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Long-Latency Auditory Evoked Potentials During General 
Anesthesia: N1 and P3 Components 
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The N1 and P3 auditory evoked potentials were recorded tc 
evaluate their usefulness as measures of the level of con- 
sciousness in 14 ASA physical status I and II patients 
undergoing elective surgery. The anesthetic agents were 
thiopental, fentanyl, and isoflurane with or without nitrous 
oxide. Recordings were carried out before induction (prein- 
duction) and during induction, surgical anesthesia, emer- 
gence, and recovery from anesthesia. The auditory response 
was evoked by 700-Hz tones that occurred occasionally and 
unpredictably in a train of 500-Hz tones delivered at 40 per 
second. The patients were asked to press a button whenever 
they detected a 700-Hz tone. Studies with normal subjects 
have repeatedly shown that detected tones (HITS) evoke NI 
and P3 waves, whereas undetected tones (MISSES) evoke 
no recognizable waves. The responses evoked by HITS were 
compared with those evoked by MISSES. The amplitudes of 





There is at present no satisfactory method to detect 
unintentional intraoperative awareness. Clinical 
signs are nonspecific and are frequently obscured by 
muscle relaxants and autonomic drugs (1). The elec- 
eroencephalogram may sometimes indicate that a 
patient is unconscious (e.g., burst suppression or 
isoelectricity), but it cannot indicate when and if a 
patient is conscious (2-6). An a-pattern (similar to the 
normal a-rhythm of conscious subjects) can be seen 
in anesthetized patients and widespread 6-activity 
(similar to that seen in sleep, anesthesia, or coma) can 
be seen in conscious patients (7). 
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N1 and P3 were significantly different from zero for HITS 
before induction and during induction and recovery but not 
during emergence. The amplitudes of N1 and P3 were not 
different jrom zero for MISSES during induction, surgery, 
and emergence. During recovery, the N1 and P3 for 
MISSES were small and the P3 for HITS was significantly 
larger than for MISSES. The results indicate that except 
during emergence, HITS were associated with clear N1 and 
P3 waves, whereas MISSES were not. The lack of either N1 
or P3 for HITS during emergence perhaps occurred because 
the patients, although responsive, were not yet fully con- 
scious. The N1 and P3 components of the auditory evoked 
potential may provide specific indicators for consciousness. 


Key Words: ANESTHETICS, casrs—nitrous oxide. 
ANESTHETICS, vo_aTiLE—isoflurane. BRAIN, 
AUDITORY EVOKED RESPONSES—~ 
electroencephalography. MONITORING, 
ELECTROENCEPHALOGRAPHY. 








Sensory evoked potentials (EPs) may provide more 
specific information about consciousness. Evoked 
potentials can be classified as exogenous or endoge- 
nous (8). Exogenous EPs, which are mainly deter- 
mined by the physical nature of the evoking stimu- 
lus, have frequently been recorded during anesthesia 
(9,10). Endogenous EPs generally occur after 100 ms, 
are sensitive to the psychological state of the subject, 
and are relatively independent of the physical nature 
of the stimulus. Endogenous EPs have a well- 
established role in the study of human cognition 
(8,11,12). The aim of this research was to study the 
endogenous EPs during changes in the level of con- 
sciousness with general anesthesia. Two components 
were considered: the N1 and the P3 (or P300). 

The N1 auditory EP has a peak latency of 100 ms 
and is maximally recorded at the vertex. It displays 
some exogenous characteristics, being larger for more 
intense stimuli. The N1, however, has some endog- 
enous characteristics in that it varies with selective 
attention (12,13). When a subject is instructed to pay 


N1 AND P3 


attention to stimuli presented to one ear and to ignore 
stimuli presented to the other ear, the amplitude of 
the N1 is larger for stimuli presented to the attended 
ear. In tasks where the subject only attends to one 
train of stimuli and the discriminations are easy, 
there is usually no effect of attention on the N1. 

The P3 (or P300) is a parietocentral positive wave 
with a typical peak latency of 300 ms (range, 250- 
600 ms) (14). It is associated with the detection of 
“target” stimuli and is relatively independent of the 
sensory modality. The most common paradigm for 
eliciting the P3 requires the subject to attend to a train 
of regularly occurring stimuli in order to detect im- 
probable, unpredictable target (“oddball”) stimuli 
that differ from the standard stimuli (e.g., occasional 
high-frequency tones in a run of low-frequency 
tones). Requiring the subject to count in response to 
the targets is sufficient to elicit a P3. By contrast, the 
P3 is very small or absent when the subject ignores 
the targets. The subjects are often instructed to press 
a button in response to the target stimulus to allow 
the experimenter to determine whether the stimulus 
was detected or not. Elicitation of the P3, however, 
does not require motor action. Several investigators 
have suggested that the P3 is associated with access 
to consciousness (8,14,15). 

We recorded the late auditory EPs before, during, 
and after general anesthesia (thiopental, fentanyl, 
isoflurane with or without nitrous oxide [N,O]) in 
order to assess the relationship between the N1 and 
P3 and the level of consciousness as evaluated with a 
signal-detection task. The recording paradigm was 
first evaluated in unanesthetized subjects. 


Methods 
Subjects 


The project was approved by the Institutional Re- 
search Ethics Committee. Written informed consent 
was obtained from all subjects. Ten normal unanes- 
thetized subjects (seven men) were tested in the 
control phase of the study. The mean age was 31 yr 
(range, 23-43). All subjects were free of neurologic or 
otologic diseases. They were tested in a sound- 


attenuated, electrically shielded room. Fourteen pa- 


tients (eight women) admitted for elective surgery 
were tested. The mean age was 36 yr (range, 21-61). 
All patients were free of neurologic or otologic dis- 
_ ease. Surgical procedures consisted of plastic surgery 
(eight patients), orthopedic surgery (two patients), 
urological surgery (two patients), general surgery 
(one patient), and thoracic surgery (one patient). 
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Anesthetic Technique 


Eleven patients were premedicated with diazepam 
(0.1 mg/kg) by mouth, 60-90 min preoperatively. 
Three patients received no premedication. Anesthe- 
sia was induced with thiopental (5 mg/kg). After loss 
of responsiveness, vecuronium (0.1 mg/kg) was used 


` to facilitate tracheal intubation. The lungs were me- 


chanically ventilated to maintain an end-tidal partial 
pressure of CO, of 30 mm Hg (mass spectrometry). 
Anesthesia was maintained with fentanyl (3 ug/kg) 
and isoflurane (0.5%-1.5% end-tidal) in O, (seven 
patients), or in N O (60% end-tidal) in O, (seven 
patients). Nasopharyngeal temperature was continu- 
ously monitored. Neostigmine (with glycopyrrolate) 
was used to reverse muscular paralysis 10 min before 
emergence. 


Stimuli 


Tenebursts (500 Hz, 15-ms duration, 5-ms rise/fall 
time, 90-dB peak sound pressure level [SPL]) were 
presented binaurally at a rate of 40 per second via 
TDH-49 earphones in the controls and via insert 
earphones (Etymotic Research, ER3A) in the surgical 
patients. The frequency was occasionally (10 per 
minute on average) increased to 700 Hz for 75 ms to 
produce target stimuli. The patients were required to 
press a button after target stimuli whenever possible. 
The paradigm was designed to allow recording of 
both the steady-state response to the 500-Hz tones 
(16) and the N1 and P3 waves to the target 700-Hz 
stimuli. 


Recording 


The electroencephalogram was recorded with gold- 
plated cup electrodes attached with saline gel and 
collodion. The interelectrode impedances were less 
than 5 kQ (at 10 Hz). Three electrodes were placed 
according to the International 10-20 system (17) at 
frontal (Fz), central (Cz), and parietal (Pz) midsagittal 
scalp locations with the right mastoid (M2) as a 
common reference. Vertical eye movements (fore- 
head-cheek) were also recorded. A fifth channel was 
used to monitor button presses up to 1480 ms after 
stimulus. Half-amplitude lower and upper cutoffs 
were 0.16-100 Hz with a —20 dB/decade roll-off. 
The analog-to-digital epoch lasted 1490 ms with a 
sampling frequency of 688 Hz per channel. The 
interval between onset of epochs was 2000 ms. The 
probability of an epoch containing a target stimulus 
was 0.33. Epochs containing a target (beginning 
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10 ms after the onset of the epoch) were averaged 
separately for HITS (i.e., button press present) and 
MISSES (i.e., button press absent). Epochs contam- 
inated by muscle activity or eye movements were 
rejected. The rejection level for controls was +175 uV 
for all channels. For the anesthetized patients, the 
level was +350 uV. Less stringent rejection criteria 
were used with the anesthetized patients because 
electroencephalographic changes caused by anes- 
thetic agents would have caused excessive rejection. 


Design 


We initially tested awake control subjects to confirm 
that adequate responses could be obtained, that the 
amplitude of the P3 is increased by attention, and 
that no motor action is required. The following five 
(A-E) conditions assessed the effects of attention, 
task, and status of eyes (oper/closed). In condition A, 
subjects kept their eyes closed and were required to 
press a button after each target stimulus and to count 
the number of target stimuli. In condition B, subjects 
kept their eyes closed and were required to count the 
number of target stimuli without pressing a button. 
In condition C, subjects kept their eyes closed and 
pressed a button after each target stimulus without 
counting the number of targets. Condition D was 
similar to condition A, except that the subjects kept 
taeir eyes open. For condition E, subjects read a book 
and ignored the target stimuli. (Condition D was 
required to rule out eyes opening as the cause of a 
difference between conditions E and A, B, or C.) 
There were two recording blocks for each condition. 
The order of conditions and replications was coun- 
terbalanced within and across subjects. Recordings 
for each condition were combined before measure- 
ment. 

With anesthetized patients, recordings were ob- 
tained during the following periods: 30-90 min before 
induction (preinduction) and during induction, sur- 
gery, emergence, and recovery. Patients kept their 
eyes closed and were instructed to press a button 
after each target whenever possible (similar to condi- 
tion C above). The injection of thiopental began 30 s 
after the beginning of the induction recording and 
lasted 1 min. Recordings during surgery were done at 
stable (over 10 min) concentrations of isoflurane: 
0.5% end-tidal when administered with 60% N,O 
and 1.15% end-tidal when administered in O, alone. 
After surgery, the trachea was extubated as soon as 
the patients were able to open their eyes on com- 
mand. Emergence was defined as the 10-min period 
immediately after the return of the ability to open 
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their eyes on command and was followed by recov- 
ery. Within each period, other than induction, mul- 
tiple recordings were usually carried out. Recordings 
from each period for each patient were combined 
separately for HITS and MISSES before measure- 
ment. Recordings could not be obtained from all 
patients for all periods because of movements or 
shivering. 


Statistical Analysis 


Awake controls. The average waveforms were dig- 
itally filtered (0-30 Hz) before analysis. N1 was mea- 
sured at Cz and defined ‘as the most negative peak 
occurring 80-180 ms after stimulus. P3 was measured 
at Pz and defined as the most positive peak occurring 
250-450 ms after stimulus. Amplitudes were mea- 
sured relative to baseline (initial 10 ms of epoch). 

The amplitude and latency measurements were 
submitted to one-way analyses of variance for re- 
peated measures to assess the effects of the experi- 
mental conditions. The Geisser-Greenhouse adjust- 
ment of the level of significance was used for 
repeated measures analyses of variance (18,19). 
Tukey’s HSD test (18) was used for post hoc compar- 
isons. 


Anesthetized patients. The combined waveforms 
were digitally filtered (0-10 Hz) before analysis. A 
narrower bandpass was used because the data were 
noisier than those from awake controls. Measure- 
ments based on averages of less than six epochs were 
excluded because of excessive variability. Average 
amplitudes over a latency range were used instead of 
peak measurements because many recordings did not 
reveal clearly recognizable waves. The amplitude of 
N1 was defined as the average amplitude at ‘Cz from 
100 to 200 ms after the stimulus. The amplitude of 
the P3 was the average amplitude at Pz from 300 to 
400 ms after the stimulus. 

The amplitude measurements for each period were 
first examined in regard to differences between the 
two groups of patients (i.e., isoflurane in O, vs 
isoflurane in N,O/O,). The differences were small, 
inconsistent across periods or patients, and not sig- 
nificant pn t-tests (P > 0.20). The results from the two 
groups were therefore pooled. The pooled measure- 
ments were submitted to one-sample t-tests to deter- 
mine whether a wave was present (i.e., whether the 
mean amplitudes were significantly different from 
zero). Faired one-tailed t-tests were then used to 
compare the amplitude for HITS and MISSES during 
induction and recovery. (During preinduction, sur- 
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Table 1. Awake Control Subjects—Amplitude (uV) 








Condition Measurements 
Code Eyes Task N1 (Cz) P3* (Pz) 
A Closed Press and count ~7.1 (5.4) 7.3 (2.0) 
B Closed Count only ~6.5 (5.9) 6.7 (2.4) 
C Closed Press only ~8.4 (2.8) 6.0 (2.9) 
D Open Press and count ~6.9 (4.3) 6.7 (3.0) 
E Open Ignore (read) ~6.1 (3.8) 3.3 (1.4) 


Values are expressed as the mean, with standard deviation given in 
parentheses. n = 10. 
"Significant planned comparisor. E vs A-D, P < 0.001. 


gery, and emergence, the number of observations for 
either HITS or MISSES was insufficient for testing.) 
Paired one-tailed t-tests were also used to compare 
the amplitude for HITS during preinduction with that 
of HITS during induction and recovery. (The number 
of HITS during emergence was too small for testing.) 

t-Tests were used instead of analyses of variance 
because data could not be obtained from all patients 
for all periods. With both awake control subjects and 
anesthetized patients, the criterion for significance 
was P < 0.05 for the analyses of variance and P < 0.01 
for all other tests to reduce the likelihood of spurious 
significance. 


Results 
Awake Control Subjects 


The measurements are summarized in Table 1. The 
average waveforms for the 10 subjects are shown 
in Figure 1. The P3 amplitude was significantly 
(P < 0.001) smaller for the IGNORE condition (E) 
compared with the ATTEND conditions (A-D). There 
were no other significant amplitude differences, the 
amplitude of N1 being approximately the same under 
all recording conditions. 

There was no significant latency difference. The 
average latency for N1 and P3 was 137 and 327 ms, 
respectively. The mean modal reaction time (condi- 
tions A, C, and D) was 272 ms. 


Anesthetized Patients 


Anesthetic management. The average interval be- 
tween start of induction and extubation was 134 min 
(SD, 69). Recording in the recovery room was started 
on average 41 min (sp, 26; range, 10-79) after extu- 
bation and was completed 66 min (sp, 32; range, 
23-114) after extubation. 
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Figure 1. Grand mean responses from 10 control subjects during 
five different conditions. The amplitude of the P3 in the ATTEND 
conditions (i.e., press and/or count) is larger (arrows) than in the 
READ (IGNORE) condition where the P3 is very small. Recording 
from midfrontal (Fz), vertex (Cz), and midparietal (Pz) electrodes. 
Right mastoid was the reference for all channels. Negativity of the 
active electrode is plotted upward in this and all subsequent 
figures. 


The mean nasopharyngeal temperature during 
surgery was 36.1°C (sp, 0.5; range, 35.4-37.0). The 
mean end-tidal partial pressure of CO, during sur- 
gery was 28 mm Hg (sp, 2.0; range, 27-33). For 
patients receiving isoflurane in N,O, the mean end- 
tidal concentrations were 0.55% (sp, 0.12) and 62% 
(sp, 8), respectively. For patients receiving isoflurane 
in oxygen, the mean end-tidal concentration was 
0.96% (sp, 0.08). 


Evoked potentials. Measurements are summarized 
in Table 2. The number of observations varies be- 
cause data could not be obtained from all patients for 
all periods either because patients could not be tested 
(movements, shivering), or because the averages had 
less than six epochs and were not measured. 

The average waveforms for the 14 patients are 
shown in Figure 2. N1 is visible (downward arrows) 
for HITS during preinduction, induction, and recov- 
ery. There also seems to be a small N1 for MISSES 
during recovery. A P3 is present (upward arrows) for 
HITS during preinduction, induction, and recovery. 
For MISSES during recovery, there is a positive 
deflection in the P3 latency range, but it is too small 
for definitive interpretation. There were no recogniz- 
able waves for HITS during emergence, as well as for 
MISSES during induction, surgery, and emergence. 

To determine the presence or absence of individual 
waves, t-tests (one-tailed) were used to find if the 
mean amplitudes were different from zero. The am- 
plitudes of N1 and of P3 were significantly (P < 0.01) 
different from zero for HITS during preinduction, 
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Table 2. Anesthetized Patients 
Mean amplitude (uV) 
N1 (100- P3 (300- Modal reaction 
Period/type n 200 ms) Cz 400 ms) Pz time (ms) 
Preinduction hits 14 —4.7 (4.07 4.0 (2.8) 252 (64) 
Induction hits 9 —3.2 (3.07 2.7 (1.6) 322 (93) 
Induction misses 12 1.7 (7.1) 0.2 (4.5) — 
Surgery misses 14 —0.6 (3.1) 0.2 (2.0) — 
Emergence hits 4 —0.8 (3.0) —0.6 (2.4) 639 (174) 
Emergence misses 10 —0.4 (1.8) 0.2 (1.1) = 
Recovery hits 12 —2.5 (2.5) 2.9 (1.9)* 354 (124) 
Recovery misses 7 —0.9 (1.2) 0.8 (1.2) — 
Values are expressed as the mean, with standard deviation given in parentheses. Total number of patients = 14. 
Data could not be obtained from all patients for all periods. 
"Different from zero (one-tailed t-test, P < 0.01). 
Fz Cz Pz PATIENT 1 PATIENT 2 
+ 
pre-induction ~ hits A fm A T diac 763 pat [se ee Ale X 
2 hits Af ALA. DKS u2 y 
induction t A 
N misses Atte AACE ee 293 cz as 
surgery = Misses Amy comand cars 1005 
-o his avoe ge aye 56 j j 
emergence a -15 pv “15 pV 
N misses aoee tte | tm 448 | 
à 800 ms 800 ms 
i Ars An A 
recovery “ ig X ae Figure 3. Recording from two patients during preinduction (solid 
S =e A ae line) and recovery (dashed line). Recovery readings were started 


j P Vv 

800ms 
Figure 2. Grand mean waveforms from 14 patients pooled for 
each period and type of response. The number of epochs in each 
waveform is shown on the right. Note that there were no misses 
during preinduction and no hits during surgery. Downward arrows 
point to recognizable N1 waves at Cz. Upward arrows point to 
recognizable P3 waves at Pz. 





induction, and recovery. For MISSES during recov- 
ery, the amplitude of N1 and P3 nearly reached 
significance (0.01 < P < 0.05). The t-tests for MISSES 
during induction, surgery, and emergence as well as 
for HITS during emergence were not significant. 

During induction and recovery, the amplitudes of 
N1 and P3 for HITS were larger than for MISSES. 
However, the difference was significant (P < 0.01) 
only for P3 and only during recovery. For preinduc- 
tion, surgery, and emergence, the number of either 
HITS or MISSES was insufficient for similar compar- 
isons. 
The amplitude for HITS was significantly larger 
during preinduction than during recovery for N1 and 
P3 (P < 0.01). 

The time-course of recovery of the EPs could not 


10 min after extubation and lasted 13 min. The N1 and P3 during 
recovery are smaller than during preinduction, but are clearly 
recognizable, The filled triangles indicate the P3 before induction; 
the empty triangles the P3 during recovery. 


be examined in detail because of the 41-min mean 
interval between extubation and recovery recordings. 
For two patients, however, testing during recovery 
started 10 min after return of the ability to open the 
eyes on request and lasted 13 min. The N1 and P3 
waves are clearly recognizable during recovery (Fig- 
ure 3). 


Discussion 
Awake Subjects 


The recordings were satisfactory and confirmed our 
expectations that the N1 amplitude would be the 
same for ATTEND (A-D) and IGNORE (E) condi- 
tions, whereas the amplitude of the P3 would be 
much larger for the ATTEND conditions. 

The amplitude and latency of N1 were not affected 
by the recording conditions. Simple auditory atten- 
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tion does not usually affect the N1, provided that the 
level of arousal remains the same (8,13). The Ni 
amplitude is larger for attended than for nonattended 
stimuli when near-threshold intensities are used (20), 
when very difficult discriminations are required (21), 
or when selective attention is necessary (e.g., attend 
right-ear stimuli and ignore left-ear stimuli) (8,13). 

The average latency cf N1 was 137 ms, substan- 
tially longer than the usual 100-ms latency. Because 
the standard stimuli are sufficiently rapid to be per- 
ceived as a sustained stimulus, the frequency change 
is perceived as a brief alteration in the ongoing 
stimulus and this may evoke an N1 at a longer latency 
(22,23). It is also possible that the present N1 wave is 
a mixture of two different components—the usual N1 
response and a mismatch negativity to the frequency 
change (13). 

The P3 amplitude was much larger in the ATTEND 
than in the IGNORE conditions. This increase in 
amplitude that occurs when the stimuli are relevant 
to the subject’s task is a characteristic feature of the P3 
(8,14). The small P3 in the IGNORE condition may 
have been caused by the subjects being unable to 
ignore the targets completely. 


Anesthetized Patients 


The N1 and P3 waves were present for HITS during 
preinduction, induction, and recovery, but not dur- 
ing emergence. There were no recognizable waves for 
MISSES during induction, surgery, and emergence. 
Our results indicate that auditory endogenous EPs 
can be recorded in the perianesthetic period. The 
findings are in contrast with the widespread view 
that the late EPs are too labile to be useful in the 
presence of anesthetic agents, even in subanesthetic 
concentrations (2,3). This view originated from a 
study that reported that EPs could not be recorded 
during low-dose cyclopropane anesthesia even 
though the stimuli were above sensory threshold 
(24). Donchin and Sutton (25) pointed out that this 
study had numerous flaws. The major problem was 
that threshold estimation was not carried out at the 
same time as the recording of the EPs. When thresh- 
old estimation and recording of the EPs were carried 
out together, there was a good correlation between 
behavioral performance and the EPs (20,26). 

With the exceptions of HITS during emergence 
and MISSES during recovery, our findings are similar 
to those recorded with near-threshold stimuli during 
signal detection tasks in awake subjects: HITS pro- 
duce N1 and P3 waves, whereas MISSES evoke no 
recognizable response (20,26). 
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For MISSES during recovery, however, there 
seemed to be a small N1 and possibly a very small P3. 
The t-tests performed to determine whether the am- 
plitudes of these waves were different from zero fell 
short of the P < 0.01 criterion for significance. Figure 
2 shows a reasonably clear N1 for MISSES during 
recovery. The discrepancy between the individual 
measurements and the grand-mean waveforms may, 
in part, be due to the use of range measurements. 
When a wave is present, the mean amplitude over a 
latency range will be less than the peak value. An- 
other possibility is that the analysis of individual 
measurements included only waveforms based on six 
epochs or more {to prevent excessive variability), 
whereas all waveforms were included in the grand- 
mean waveforms. During recovery, MISSES may 
therefore have evoked an N1 wave. Squires et al. (20) 
postulated that the N1 reflects the amount of signal 
information that is utilized in the decision process 
and that the P3 represents the certainty of the deci- 
sion based on that information. The possible pres- 
ence of an N1 for MISSES might mean that the 
intensity of the stimuli allowed substantial informa- 
tion transfer, but an impaired decision mechanism 
prevented detection. It is likely that, despite our 
repeated instructions, the patients simply forgot the 
task and ignored the target stimuli. This situation is 
similar to when the control subjects were asked to 
read and ignore the stimuli. 

Contrary to our expectations, HITS during emer- 
gence were not associated with identifiable N1 or P3 
waves. Only four patients scored HITS during emer- 
gence, and the total number of HITS was only 56, 
resulting in a low signal-to-noise ratio. Furthermore, 
the signal acquisition was complicated by numerous 
artifacts due to movements and shivering. Accord- 
ingly, the level of residual noise for HITS during 
emergence is high. Nevertheless, the N1 and P3 for 
HITS during emergence are small or absent. 

It may be possible for a subject to respond to the 
target stimuli automatically with little, if any, aware- 
ness. Simple auditory detection tasks do not always 
require full consciousness because they can be per- 
formed by subjects who remain in normal stage II 
sleep (27). The isolated forearm test (28,29) is proba- 
bly even less satisfactory than signal detection for 
assessing awareness. With this test, a tourniquet 
blocks the arterial flow to the forearm, which is thus 
not affected by neuromuscular blockers. The patient 
can therefore move the hand to signal “awareness.” 
How to interpret the movements of the hand is a 
major problem. Patients in a neurovegetative state 
may open their eyes and move after auditory stimuli. 
Such automatic behavior must be ruled out before 
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concluding that a simple hand movement by an 
anesthetized patient is in response to command and 
reflects awareness. 

It is difficult to define consciousness (30). Natsou- 
las (31) discussed seven different meanings of the 
word “consciousness.” Three are relevant to the 
present issue. One meaning associates consciousness 
with normal wakefulness. This is the usual meaning 
in anesthesiology and neurology (32-34). A second 
meaning associates consciousness with awareness. 
Anything may be the object of awareness (e.g., 
hearing a noise, having a thought). Awareness can be 
dissociated from wakefulness in both normal subjects 
and neurological patients. A normal subject can be 
awake, but unaware of certain aspects of his or her 
environments. The neurovegetative patient can be 
awake but totally unaware. A third meaning associ- 
ates consciousness with self-consciousness. Self- 
consciousness refers to being aware of one’s own 
perceptions and thoughts. This aspect concerns the 
ability to think about what one knows or perceives. 
By contrast, simple awareness is less personal and 
less reflective. For the rest of the discussion, we shall 
consider consciousness in this third sense and use the 
terms wakefulness and awareness for the other two 
meanings. 

The distinctions between consciousness, aware- 
ness, and wakefulness have important implications 
for the problem of unintentional “awareness” during 
anesthesia (35). There are no specific methods for the 
on-line detection of intraoperative wakefulness, 
awareness, or consciousness. Verbal reporting from 
the patient is currently the only method of establish- 
ing that awareness has occurred. For the patient to 
remember some parts of the surgical procedure prob- 
ably requires the subject to have been conscious at 
those times because events that are denied conscious 
attention are probably not available to intentional 
forms of remembering (36,37). There may therefore 
be many instances of wakefulness and awareness 
during surgery that are not remembered. 

Endogenous EPs constitute, in theory, an excellent 
tool for the detection of unintentional intraoperative 
awareness or consciousness. Studies in awake con- 
trols have repeatedly shown that conscious aware- 
ness of a task-relevant stimulus is almost always 
associated with a P3 provided that the task and 
recording protocol are adequate (14). The P3 may be 
used as a communication aid for patients who cannot 
use their motor system (e.g., “locked-in” patients) 
(38). 

The P3 wave occurs when a subject attends to an 
unpredictable stimulus. Although the presence of a 
P3 may indicate that the subject is aware of the 
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stimulus, the absence of the P3 does not indicate an 
absence of awareness. The stimulus may be predict- 
able or the subject may be attending to something 
else. 

Our main question was whether the link between 
conscious awareness of a target stimulus and the P3 
persisted during the perianesthetic period. Other 
reports (39-44) have shown the P3 to be attenuated, 
but still present, at subanesthetic concentrations of 
anesthetic agents, although no one has studied the P3 
in relaticn to full surgical anesthesia. We found that 
the link was preserved. before anesthesia, despite 
premedication, during induction, and during recov- 
ery. During surgical anesthesia there was no P3, but 
we do not have a valid behavioral measure because 
muscle relaxants were used. The link was apparently 
not valid immediately on emergence from anesthesia, 
although we do not have sufficient data for definite 
conclusions. The absence of an N1 and of a P3 may 
indicate that the detected change did not reach con- 
sciousness, despite the motor response. Patients do 
not usually remember much about what happens 
during emergence. This may therefore be a period 
where there is responsiveness but neither clear con- 
sciousness nor access to memory. 

Our results suggest some possibilities about how 
consciousness might be monitored during anesthe- 
sia. The auditory steady-state response (16) may 
demonstrate that brainstem-cortical interactions are 
sufficiently organized to allow consciousness in the 
sense of wakefulness. They are attenuated during 
sleep and are not present during surgical anesthesia. 
The N1 and P3 components of the transient auditory 
evoked potential may further demonstrate that the 
subject is conscious of the stimuli in the sense of 
being aware. During emergence from anesthesia, a 
subject may be conscious in the sense of being awake, 
but not conscious in the sense of being aware. One 
might speculate that the N1 wave reflects simple 
awareness, whereas the P3 wave reflects full con- 
sciousness in the sense of being personally involved 
in perceiving and remembering the stimulus. The P3 
may not only represent access to conscious process- 
ing (8,11,12,14,15) but also updating of memory 
(44,45). 

These possibilities, however, remain speculative. 
Much more research needs to be done. The practical 
aspects of recording the evoked potentials pose no 
major difficulty. For future research, it might be 
better to employ the more usual “oddball” paradigm 
(14) for P3 recording. The present paradigm was 
designed to study the P3 and the steady-state re- 
sponses simultaneously. Different anesthetic agents 
must be evaluated, and the time-course of recovery of 
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the evoked potentials with each agent must be exam- 
ined. Much information should come from studying 
the period of emergence where there are dissocia- 
tions between different aspects of consciousness. 
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The reason why adenine compounds when used as hypoten- 
sive agents are devoid of significant reflex sympathetic 
activity, such as rebound hypertension and tachycardia, is 
not clearly understood. This study, performed on a-chlo- 
ralose-anesthetized dogs, examined, first, the effects of 
adenosine triphosphate (ATP) and adenosine as compared 
with those of sodium nitroprusside on efferent renal sym- 
pathetic nerve activity (RSNA), as an indicator of general 
reflex sympathetic activity, and second, whether vagal 
involvement could be demonstrated in the action of ATP 
and adenosine on RSNA. Renal sympathetic nerve activity 
increased progressively with increasing doses of sodium 
nitroprusside (5, 10, and 20 yglkg) and adenosine (0.5, 
2.0, and 4.0 mg/kg), whereas ATP suppressed RSNA at 
2.0 and 4.0 mglkg. High doses of ATP and adenosine 


(4.0 mg/kg) were injected into intact (n = 7) and vagoto- 
mized dogs (n = 7). Both ATP and adenosine induced rapid 
onset of hypotension without rebound hypertension and 
tachycardia. After vagotomy, the attenuation of RSNA by 
ATP was completely abolished and rebound hypertension 
and tachycardia were observed. Vagotomy did not alter the 
effect of adenosine on RSNA. It is concluded that ATP- 
induced hypotension is associated with attenuation of sym- 
pathetic efferent nerve activity mediated through vagal 
afferent pathways. Vagal afferent impulses are thought to be 
one of the mechanisms that inhibit reflex sympathetic 
activities, such as rebound hypertension after ATP-induced 
hypotension. The mechanisms by which adenosine inhibits 
reflex sympathetic activity are not, however, secondary to 
vagal afferent involvement and must be multifactorial. 


Key Words: ANESTHETIC TECHNIQUES, 
HYPOTENSIVE—sodium nitroprusside, ATP, 
adenosine. SYMPATHETIC NERVOUS SYSTEM, 
SODIUM NITROPRUSSIDE, ATP, ADENOSINE. 





Adenosine triphosphate (ATP) and adenosine are 
endogenous substances with potent vasodilator and 
negative chronotropic effects. There recently has been a 
growing interest in ATP and adenosine as effective 
drugs for controlled hypotension (1-5) and for treat- 
ment of supraventricular tachycardia (6,7). Hypoten- 
sion induced by these compounds is devoid of reflex 
tachycardia and rebound hypertension caused by acti- 
vation of the sympathetic nervous system that are 
typically observed after sodium nitroprusside (SNP)- 
induced hypotension (1-3). Thus, exogenously admin- 
istered adenine compounds may attenuate the reflex 
activation of the sympathetic outflow. In the past, the 
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effects of ATP and adenosine on sympathetic neuro- 
transmission (9-13), and their electrophysiologic effects 
on the cardiac conduction system (14,15), have been 
well studied. However, the effects of ATP and adeno- 
sine on reflex sympathetic nerve activity have not been 
clearly established in vivo. 

Because parenterally administered ATP is immedi- 
ately broken down to adenosine by ectoenzymes, it 
has been assumed that the actions on the cardiovas- 
cular system of ATP and adenosine are identical 
(16,17). However, they may not be identical because 
vagal involvement can be seen in the action of ATP 
but not adenosine on the heart (14,15,18). 

Questions have been raised whether ATP and 
adenosine attenuate reflex sympathetic nerve activity 
and whether the action of ATP on sympathetic ner- 
vous system involves a vagal mechanism. The pur- 
pose of this study, therefore, was to examine the 
effects of ATP or adenosine on the reflex sympathetic 
nerve activity, using direct measurement of renal 
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sympathetic nerve activity (RSNA), in intact and 
vagotomized dogs. 


Materials and Methods 


This study was approved by the Kansas University 
Institutional Animal Care and Use Committee, and 
appropriate guidelines for the use of animals were 
observed during all aspects of this study. 


General Preparation 


Adult mongrel dogs (15-22 kg) were anesthetized by 
intravenous thiopental (10 mg/kg) and a-chloralose 
(100 mg/kg). Additional a-chloralose (20 mg/kg) was 
administered hourly during the experiment. The 
dogs were intubated with a cuffed endotracheal tube 
and ventilated with a Harvard animal ventilator 
‘Millis, Mass.) using oxygen in nitrogen (F102, 0.4) at 
cidal volumes of 10-15 mL/kg and frequencies of 
15-20 cycles/min. Arterial blood gas tensions were 
measured periodically (model 175 Corning, Boston, 
Mass.) and were maintained within normal limits 
Paco), 35-45 mm Hg; pH, 7.35-7.45) by adjusting the 
zidal volume and frequency or by administering sodium 
bicarbonate. Body temperature was maintained be- 
zween 37 and 38°C by external warming. The animals 
were paralyzed with pancuronium (0.1 mg/kg IV) inter- 
mittently to avoid artifacts on measurement of sympa- 
thetic nerve activity secondary to muscular movement. 
Polyethylene catheters were placed in the left external 
jugular vein for measurement of central venous pres- 
sure and intravenous administration of agents and in a 
femoral artery for measurement of arterial pressure. 
Arterial blood pressure was monitored with a pressure 
transducer (DTX Spectramed, Oxnard, Calif.) and was 
recorded continuously. Mean arterial pressure (MAP) 
was derived by electronic integration of the pulsatile 
pressure signal. 


Recording of Renal Sympathetic Nerve Activity 


The left kidney was exposed retroperitoneally by a 
left flank incision. Renal sympathetic nerves along 
the renal artery were isolated using a microscope. 
The distal ends of the strands were crushed and the 
sympathetic nerves were immersed in mineral oil 
and placed on a bipolar silver electrode for recording 
the nerve discharges. The raw nerve signals were 
amplified by a preamplifier (AVB 10: band width= 
50-3000 Hz, Nihon Kohden, Japan). The amplified 
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nerve signals were visualized on a dual-beam oscillo- 
scope (VC 11, Nihon Kohden) and monitored by an 
audiospeaker. The raw nerve signals were rectified 
by an absolute value circuit. Integrated renal sympa- 
thetic nerve activity (IRSNA) was obtained by inte- 
grating the rectified signal with a time constant of 
2.0 s using a resistance-capacitance integrator circuit. 
Because integrated output is dependent on the voltages 
and frequencies, it was used as a measurement of 
overall RSNA. Nerve activity was recorded after death 
in all dogs as a measurement of the level of zero 
“noise.” 

Atropine (0.1 mg/kg) was administered to prevent 
changes in heart rate (HR) by parasympathetic ef- 
ferent activity. The effectiveness of the cholinergic 
blockace was tested with a bolus injection of acetyl- 
choline (1 g/kg) in the preliminary study (19). Atro- 
pine has no direct effect on blood pressure. 

Data were continuously measured and recorded 
on a DAT tape PCM recorder (RD-100T, TEAC, 
Montebello, Calif.) and played back on a multichan- 
nelæhart recorder (Omnicorder 8M14, Sanei, Japan). 


Experimental Protocol 


After completion of the surgical preparation, suffi- 
cient time (>1 h) was allowed for hemodynamic 
stabilization before study. 


Protecol 1. This protocol measured the dose- 
response effects of intravenous ATP, adenosine, and 
SNP on RSNA and HR. 

This experiment was performed, using seven mon- 
grel dogs, to determine the dose-response effects of 
intravenous bolus injection of ATP, adenosine, and 
SNP on RSNA and HR with respect to the reduction 
of MAF. Because SNP does not attenuate the barore- 
flex (20,21), dogs were given SNP first, before receiv- 
ing either ATP or adenosine, as a control study of 
reflex RSNA. Sodium nitroprusside was injected in 
doses af 5 g/kg (low dose), 10 g/kg (middle dose), 
and 20 pg/kg (high dose). Adenosine triphosphate 
and adenosine were then both injected intravenously 
in doses of 0.5 mg/kg (low dose), 2.0 mg/kg (middle 
dose), and 4.0 mg/kg (high dose) with at least 30-min 
recovery periods between each injection. Each dose 
of the three agents was found to produce the same 
level of MAP with the maximum decrease of MAP 
occurring 20-30 s after each injection in the prelimi- 
nary study. Renal sympathetic nerve activity and HR 
were measured with every 10 mm Hg decrement of 
MAP from the preinjection level (120 + 10 mm Hg). 
Renal sympathetic nerve activity was expressed as 
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percentage changes from the resting spontaneous 
nerve discharge before injection of SNP. 


Protocol 2. This protocol measured the effect of 
vagotomy on time-course changes in RSNA, HR, and 
MAP after intravenous bolus injection of ATP and 
adenosine. 

This experiment was designed to determine the 
vagal involvement in the control of RSNA and HR 
during the injection of ATP and adenosine. Fourteen 
mongrel dogs were divided into two groups: a neuraxis 
intact group (n = 7) and a cervical bilateral vagotomy 
group (n = 7). After stabilization of RSNA and hemo- 
dynamics, ATP and adenosine, 4 mg/kg (high dose), 
were injected intravenously in the intact and vagoto- 
mized dogs. To quantitate RSNA, the resting sponta- 
neous nerve discharge before injection of ATP or aden- 
osine in both groups was defined as 100% control 
value. 


Agents 


Adenosine triphosphate-Na, (ATP) (116F70802, Sigma) 
and adenosine (09F0870, Sigma) were dissolved in 
physiologic saline (20 mg/mL) just before use, employ- 
ing a stirrer (Bronwill 152, Calif.) with water bath. 


Data Analysis 


All data were expressed as mean + sE. Comparisons 
made within the group were performed using a 
repeated measurement analysis of variance. Multiple 
comparisons between individual means were per- 
formed using the Newman—Keul’s method. Differ- 
ences with a statistical probability of less than 0.05 
were considered to be significant. 


Results 


Dose-Response Effects of Intravenous ATP, 
Adenosine, and SNP on RSNA and HR 


Mean arterial pressure before SNP, ATP, and adeno- 
sine injections was 118 + 4, 114 + 3, and 115 + 4 mm 
Hg, respectively. Corresponding values of HR were 142 
+ 7, 146 + 5, and 145 + 8 beats/min. The mean raw 
values of IRSNA before SNP, ATP, and adenosine 
injections were 3.1 + 0.6, 3.3 + 0.5, and 3.4 + 0.4 uV, 
respectively. There were no statistically significant dif- 
ferences in MAP, HR, and RSNA among the three 
agents. 

Dose-response effects of SNP, ATP, and adenosine 
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Figure 1. Dose-response effects of intravenous ATP (O), adeno- 
sine (@), and SNP (A) on RSNA. Percent increases in RSNA by 
ATP were significantly less than those associated with middle and 
high injection doses of adenosine and SNP (P < 0.01). *P < 0.01: 
comparison was made only between adenosine and SNP because 
ATP revealed a baroreflex-independent change in RSNA. 


on RSNA are shown in Figure 1. Sodium nitroprus- 
side and adenosine injections were associated with 
progressive increases in RSNA in response to de- 
creases in MAP at all three doses. At a MAP reduc- 
tion of 60 mm Hg with the high dose, the increase in 
RSNA induced by SNP was significantly greater than 
that of adenosine (P < 0.01). Adenosine triphosphate 
was associated with progressive increases in RSNA at 
the low-dose infusion. At the middle and high doses 
of ATP, RSNA was suppressed dose-dependently. 
Dose-response effects of SNP, ATP, and adenosine 
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Figure 2. Dose-response effects of intravenous ATP (O), adeno- 
sine (@), and SNP (A) on HR. Increases in HR with ATP and 
adenosine were significantly less than those seen with the SNP 
group in all three doses (P < 0.01). 


on HR are shown in Figure 2. Heart rate did not 
change at low doses of ATP and adenosine, but 
progressively decreased with reduction of MAP at 
higher doses. Sodium nitroprusside induced dose- 
dependent increases in HR. 


Effect of Vagotomy on Time-Course Changes in 
RSNA, HR, and MAP During Intravenous 
Injection of ATP and Adenosine 


Baseline levels of MAP, HR, central venous pressure, 
and RSNA in the intact and vagotomy groups are 
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Table 1. Baseline Levels of Mean Arterial Pressure, Heart 
Rate, Central Venous Pressure, and Renal Sympathetic 
Nerve Activity in the Intact and Vagotomized Dogs 








Intact group Vagotomy group 
MAP (mm Hg) 118 + 4 145 + 2° 
HR (beats/min) 140 +3 178 + 5 
CVP (mm Hg) 3.9 + 0.3 3.1+ 0.4 
RSNA (%) 100 + 0 100 + 0 


MAP, mean arterial pressure; HR, heart rate; CVP, central vencus 
pressure; RSNA, renal sympathetic nerve activity. 

Values aze expressed as mean + SE. 

"Significant difference (P < 0.05) between the intact and vagotomy 
group. 


shown in Table 1. Figure 3 shows one of the actual 
tracings of the responses of RSNA to intravenous 
injection of ATP and adenosine in both the intact and 
vagotomized dogs. Vagotomy completely prevented 
the ATP-induced suppression of RSNA. 

The time-courses of RSNA, HR, and MAP changes 
in response to ATP (4 mg/kg) injection in the intact 
and vagotomized groups are shown in Figure 4. 
Adenosine triphosphate (4 mg/kg) suppressed RSNA 
in the intact group. This suppression in RSNA in- 
duced by ATP was completely abolished by bilateral 
cervical vagotomy. Heart rate decreased from 140 + 3 
to 88 + 3 beats/min in the intact group, and from 
178 + 5 to 133 + 2 beats/min in the vagotomy group. 
In the vagotomy group, HR significantly increased at 
between 60 and 150 s after ATP injection. 

The maximum decreases in MAP induced by ATP 
were from 117.9 + 3.6 to 34.6 + 1.9 mm Hg in the 
intact group and from 144.9 + 1.9 to 76.4 + 2.4mm 
Hg in the vagotomy group. Mean arterial pressure 
recovered to baseline values 180 s after ATP injection 
in the intact group. In the vagotomy group, MAP 
increasec above the baseline values at 90 s and 
remainec elevated at 180 s. 

The time-courses of RSNA, HR, and MAP changes 
in response to adenosine (4 mg/kg) injection in the 
intact and vagotomized groups are shown in Figure 
5. In contrast to ATP, adenosine increased RSNA 
identically in the intact and vagotomy groups. The 
changes in HR and MAP induced by adenosine did 
not differ in intact and vagotomized dogs. 


Discussion 


In the present study, we chose a-chloralose as a basic 
anesthetic agent because it does not attenuate the 
arterial baroreflex response (22-24). A relatively small 
dose of thiopental (10 mg/kg) was administered in- 
travenously but only at the time of induction of 
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anesthesia. The effect of thiopental on the reflex 
RSNA, therefore, is thought to be minimal because 
the study was performed at least 2 h after the induc- 
tion of anesthesia. This is particularly true because 
thiopental is an ultra-short-acting barbiturate. The 
effect of pancuronium on RSNA has not been clearly 
established. However, we observed that intravenous 
administration of pancuronium did not affect RSNA 
at a clinically effective dose (0.1 mg/kg) in the prelim- 
inary study. 

The present study demonstrated that SNP- 
induced hypotension was accompanied by a dose- 
dependent increase in RSNA. This is due, in all 
likelihood, to a compensatory general reflex sympa- 
thetic activation mediated by the arterial barorecep- 
tors. Sodium nitroprusside does not attenuate the 
arterial baroreflex mechanism involved in increased 
RSNA in response to arterial hypotension (20,21,25). 
Small doses of ATP also increased RSNA. However, 
higher doses of ATP attenuated RSNA. This attenu- 
ation was completely abolished by bilateral vagot- 
omy. The effect of vagotomy was due to interruption 
of vagal afferent, because all animals were given 
atropine to block vagal efferent pathways. These 
observations indicate that attenuation of barorecep- 
tor-reflex sympathetic activity involves a vagal af- 
ferent mechanism during ATP-induced hypotension. 

Additional findings of this study were that re- 


Figure 3. Tracing of the responses of RSNA to intravenous injec- 
tion of ATP and adenosine in intact and in vagotomized dogs. SBP, 
systemic blood pressure. 


bound hypertension and tachycardia were observed 
after ATP-induced hypotension in vagotomized but 
not in intact dogs (Figure 4). Adenosine triphosphate- 
induced hypotension, generally, is not associated 
with rebound hypertension and tachycardia in con- 
trast to SNP-induced hypotension (1-3). Rebound 
hypertension observed during SNP-induced hypo- 
tension has been reported to be due to increased 
plasma catecholamine and renin concentrations 
(26,27). Because renal sympathetic nerve activity par- 
ticipates in regulation of catecholamine and renin 
release (28-30), the attenuation of RSNA due to a 
vagal afferent mechanism may, in part, explain the 
absence of reflex hypertension and tachycardia dur- 
ing ATP-induced hypotension. 

Pelleg et al. (15) and Munoz et al. (18) reported the 
vagal involvement in the mechanism of action of ATP 
on the canine cardiac conduction system and con- 
cluded that a vagal reflex triggered by ATP could be 
responsible, at least in part, for ATP-induced brady- 
cardia. Their findings are supported by the present 
results (Figure 4), which indicate that the changes in 
HR and MAP induced by high doses of ATP are 
affected by a vagal afferent mechanism that causes 
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Figure 4. The time-course of changes in RSNA, HR, and MAP in 
response to ATP (4 mg/kg) injection in intact (O) and in vagoto- 
mized (@) dogs. *P < 0.01: significantly high above baseline values 
in within-group comparison for AHR and AMAP. 


suppression of renal efferent sympathetic nerve ac- 
tivity. 

Adenosine-induced hypotension is not associated 
with the reflex tachycardia, rebound hypertension, 
and increases in plasma catecholamine levels that are 
seen during ATP-induced hypotension (2,5). Our 
study showed that adenosine, even in high doses, 
did not cause rebound hypertension and tachycardia 
despite the fact that RSNA increased markedly. Ad- 
ditionally, vagal involvement that was confirmed 
during ATP-induced hypotension was not observed 
as an action of adenosine. However, the increases 
in RSNA induced by adenosine were less than 
those induced by SNP. These findings are in agree- 
ment with a report by Delle et al. (8) that increases 
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Figure 5. The time-course of changes in RSNA, HR, and MAP in 
response to adenosine (4 mg/kg) injection in intact (O) and in 
vagotomized (@) dogs. 
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in RSNA produced by adenosine are less than 
those produced by SNP. To what mechanisms can 
one attribute the attenuation of reflex sympathetic 
response such as reflex tachycardia and reflex 
hypertension in adenosine-induced hypotension? 
Hedqvist and Fredholm (10,11) and several other 
investigators (9,12,13) have reported that adenosine 
directly inhibits the release of adrenergic neuroef- 
fector transmitters such as norepinephrine in re- 
sponse to sympathetic nerve stimulation in the heart, 
kidney, and blood vessels. Delle et al. (8) reported 
that adenosine-induced hypotension is associated 
with a suppression of postganglionic renal sympa- 
thetic nerve activity caused by an inhibition of 
ganglionic transmission. They believe that their 
findings may explain why adenosine is devoid of 
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reflex sympathetic activity when it is used for con- 
trolled arterial hypotension. Furthermore, it has re- 
cently been reported that adenosine suppresses the 
central nervous system and has anesthetic effects 
(31). It was speculated that adenosine induces anes- 
thesia by affecting central adrenergic receptors. Even 
though our study could not explain clearly the mech- 
anisms of attenuation of reflex sympathetic activity 
by adenosine, we believe that inhibition of adrenergic 
neurotransmitter release or central nervous system 
suppression may contribute to attenuation of reflex 
sympathetic activity. 

Adenosine triphosphate and adenosine have been 
recognized to be almost identical, and they are 
equipotent on a weight basis (16,17). This is because 
ATP, when infused parenterally, is rapidly metabo- 
lized to adenosine. Sollevi et al. (17) recently reported 
that ATP administered by the intravenous route 
is degraded entirely to adenosine and that its 
cardiovascular effect is dependent on the arterial 
adenosine concentration. Our study, however, 
clearly indicates that there is a difference between 
the effects of ATP and adenosine on RSNA. Rowe 
et al. (32) also reported that electrophysiologic and 
cardiovascular hemodynamic effects of ATP are 
greater than are those of adenosine in dogs. In 
our study, vagal involvement was demonstrated at 
least in part in the action of ATP on sympathetic 
efferent activity and on HR, but it was not found in 
the action of adenosine. Therefore, the mechanisms 
of action of ATP and adenosine seem to be clearly 
different. 

In the present study, RSNA and HR were ob- 
served only during bolus injections and were not 
observed during continuous infusion of agents. Al- 
though RSNA and HR responses may be less during 
continuous infusions because of possible baroreflex 
resetting, we believe that findings derived from the 
results would be the same. 

In conclusion, the present study demonstrates that 
ATP suppresses reflex sympathetic activity by a vagal 
afferent mechanism. This is thought to be one of the 
mechanisms to explain why ATP hypotension is not 
associated with rebound hypertension or significant 
catecholamine or renin release. Adenosine does not 
attenuate reflex RSNA through a vagal afferent mech- 
anism. The reason why adenosine attenuates reflex 
RSNA may be multifactorial and remains to be eluci- 
dated. 


The authors thank Dr. Hugh S. Mathewson, Professor of Anesthe- 
siology at The University of Kansas Medical Center, for critical 
reading of the manuscript. 
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Sufentanil and alfentanil have been reported to increase 
cerebral blood flow and intracranial pressure. Agents pro- 
ducing these effects may adversely affect the relationship 
between brain retractors and underlying cerebral tissues 
during craniotomy, potentially predisposing the patient to 
brain retractor injury. The effects of fentanyl, sufentanil, 
alfentanil, and a placebo (saline) on brain retractor pressure 


Several recent studies in both animals and humans 
have suggested that sufentanil and alfentanil may be 
associated with significant increases in cerebral blood 
flow (CBF) and/or intracranial pressure (ICP) (1-4). 
The safety of using these agents in neurosurgical 
patients is thus controversial. 

A direct relationship between brain retractor pres- 
sure (BRP) and regional cerebral dysfunction has 
been demonstrated. Brain retractor pressure in excess 
of 20 mm Hg has been correlated in animals with 
evidence of reduced regional cerebral cortical blood 
flow, blood-brain barrier disruption, somatosensory 
evoked potential abnormalities, and histopathologic 
evidence of cortical injury (5-9). Once neurosurgical 
retractors have been placed during craniotomy, 
agents that alter CBF may change cerebral compliance 
(via changes in cerebral blood volume [CBV]) and 
hence the relationship between the retractor and 
underlying brain parenchyma. This may predispose 
the patient to brain retractor injury. This study was 
designed to investigate prospectively the effect of 
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were therefore evaluated prospectively in 24 adults under- 
going elective craniotomy. None of these narcotics signifi- 
cantly affected brain retractor pressure. Each significantly 
and similarly decreased arterial pressure and cerebral per- 
fusion pressure. If these narcotics are administered in doses 
that avoid adverse hemadynamic changes that could com- 
promise cerebral tissues indirectly, each of the narcotics 
studied appears safe for intraoperative administration once 
the cranium is open. 


Key Words: ANESTHESIA, NEUROSURGICAL. 
ANALGESICS, FENTANYL, SUFENTANIL, ALFENTANIL. 


fentanyl, sufentanil, and alfentanil on BRP in a ran- 
domized, blinded fashion. 


Methods 


After institutional review board approval and patient's 
informed consent were obtained, 24 adult patients 
scheduled for craniotomy for aneurysm (19 patients), 
tumor (four), or cerebrospinal fluid leak (one) were 
studied. Patients were randomized into four groups of 
six patients each to receive 2.0 ug/kg fentanyl, 0.4 ug/ke 
sufentanil, 20 ug/kg alfentanil, or normal saline after 
insertion of the brain retractor. Relative potencies were 
assigned on the basis of literature reports (3,4,10,11). 

General anesthesia was induced using a standard- 
ized protocol consisting of preoxygenation, 3.0 ug/kg 
fentanyl, and 3-5 mg/kg thiopental. Tracheal intuba- 
tion was facilitated with 1.5 mg/kg succinylcholine 
after a defasciculating dose of d-tubocurarine or atra- 
curium or with atracurium alone (0.5 mg/kg). No 
premedication was given. 

Anesthesia was maintained with isoflurane in 
air/oxygen and atracurium. Additional thiopental 
(1-2 mg/kg) was administered as required to control 
responses to positioning and insertion of skull pins. 
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Table 1. Demographic Data 
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Sex Mean Mean inspired Intracranial compliance 
Mean age ETco, isoflurane —_—_ EN 
Study group (yr) M F (mm Hg} (vol%) Normal Abnormal 
Fentanyl 55.2 + 11 1 5 28.3 + 2.0 0.95 + 0.31 5 1 
Sufentanil 54.5 +9 3 3 30.5 + 3.2 1.00 + 0.32 4 2 
Alfentanil 46.5 + 14 2 4 28.2 + 2.7 1.01 + 0.14 4 2 
Normal saline 53.5 + 6 2 4 30.3 + 2.5 1.02 + 0.26 4 2 





Values denote mean + sp. 


No additional narcotics were administered before 
administration of the study drug. 

The electrocardiogram, intraarterial blood pres- 
sure, oxygen saturation, and end-tidal carbon dioxide 
(ETco,) were monitored continuously in each pa- 
tient. Patients were hyperventilated mechanically to 
maintain ETco, between 25 and 35 mm Hg, and the 
inspired isoflurane concentration was established be- 
tween 0.5 and 1.5 vol% before each study. All pa- 
tients received 0.5-1.0 g/kg of mannitol intravenously 
during craniotomy. 

After dural opening an Albin—Bunegin pressure- 
sensitive brain retractor (12), connected to a cali- 
brated Codman pressure monitor, was placed by the 
surgeon to an initial pressure of approximately 
10 mm Hg. All surgical activity was halted, and 
retractor pressure was monitored for an initial 5-min 
equilibration period. Output signals from the pres- 
sure monitor were amplified and recorded continu- 
ously. 

After the equilibration period, each patient was 
given an intravenous bolus of one of the study drugs 
and the BRP response was monitored continuously 
for a further 10 min. Each of the study drugs was 
diluted to 10 mL and administered by an investigator 
blinded to the drug’s identity. 

The linearity of the response of the BRP monitor 
system was tested with fixed loads of 6.5 and 
11.7 mm Hg. The system response was found to 
remain stable within +0.5 mm Hg for a minimum of 
30 min. 

Regional cerebral perfusion pressure (rCPP) was 
calculated according to the formula rCPP = MAP — 
BRP, where MAP is mean arterial pressure. Statistical 
comparisons at 1-min intervals were made within 
each group and between groups for heart rate, MAP, 
BRP, and rCPP using analysis of variance, for re- 
peated measures where appropriate, and the Stu- 
dent-Newman-Keuls test. Results were considered 
statistically significant when P < 0.05. Assuming a 
retractor pressure change of 3.5 mm Hg to be clini- 
cally significant, the power of this study was esti- 
mated to be 95%. 













































































function of time (min) in a patient in the fentanyl group. Point A 
denotes time of study drug administration. 


Results 


Patients included 16 women and eight men with a 
mean age of 52.4 yr (range, 23-70 yr). Study group 
characteristics were similar (Table 1). Although the 
sex and age distribution differed somewhat, this 
would not be expected to affect the results. Patients 
were categorized on the basis of derangements in 
intracranial compliance. Patients with aneurysms 
graded cinically as 0-1 (revised Hunt classification 
[13]) and those with small tumors without radio- 
graphic evidence of brain shift or significant edema 
were considered to have normal or near normal 
intracranial compliance. Conversely, patients with 
grade 2-4 aneurysms and patients with large tumors 
with radiographic evidence of brain shift or signifi- 
cant associated edema were considered to have de- 
creased intracranial compliance. The distribution of 
the nine patients with decreased intracranial compli- 
ance was similar in each of the study groups. 

An example of the recording of arterial pressure 
and BRP from a patient in the fentanyl group is 
displayed in Figure 1. Initially, after retractor inser- 
tion, BRF declines relatively rapidly as the intracra- 
nial contents accommodate the retractor. This process 
appears to be complete, or nearly complete, within 
5 min. Thereafter BRP stabilizes or continues to 
decline at a much more gradual rate. 

Brain retractor pressure demonstrated a gradual 
decline in all groups after administration of the study 
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Figure 2. Mean group BRP, MAP, and rCPP (rCPP = MAP -- BRP) 
over time for the fentanyl (A.../), sufentanil (©——), alfentanil 
(V—..—V), and normal saline (O——O) groups. Values were 
plotted at 1-min intervals after drug administration (time = 0). Bars 
dencte sem. *P < 0.05 between groups. 


drug (Figure 2). No statistically significant difference 
was found between the groups. Within groups the 
decline in BRP reached significance in the fentanyl 
and saline groups at 6 min and 7 min and beyond, 
respectively. The decline in BRP in the sufentanil 
and alfentanil groups did not reach statistical signif- 
icance. 

Both MAP and rCPP declined markedly in each of 
the narcotic groups. Within each group the decrease 
in MAP and rCPP reached statistical significance by 
1 min in the alfentanil group and by 2 min in the 
fentanyl and sufentanil groups. Although each of the 
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Figure 3. Arterial pressure BP (mm H 


and BRP (mm Hg) over 
time (min) in the patient in the alfentanil group who demonstrated 
an increase in BRP after drug administration. Point A denotes time 
of study drug administration. Point B denotes time at which 
ephedrine (10 mg IV) was given for the marked decrease in MAP. 


narcotic groups demonstrated a decrease in MAP and 
rCPP, no significant differences were found either 
between these groups or compared with the saline 
group, with the exception that MAP and rCPP were 
significantly higher in the alfentanil group at the time 
of drug administration compared with the controls 
(Figure 2). 

Heart rate also declined in each of the narcotic 
groups. Within each group the decrease in heart rate 
reached statistical significance at 1, 2, and 3 min in 
the alfentanil, sufentanil, and fentanyl groups, re- 
spectively. No significant differences were found 
between these groups or compared with the control 
group. 

One patient in the alfentanil group had an increase 
in BRP (1.25 mm Hg) after drug administration (Fig- 
ure 3). The increase in BRP accompanied a profound 
decrease in MAP to 36 mm Hg from 79 mm Hg before 
drug administration. Isoflurane was discontinued 
and 10 mg intravenous ephedrine was administered 
to restore the blood pressure. Brain retractor pres- 
sure declined as arterial pressure was restored. Cen- 
tral venous pressure at the time of drug administra- 
tion was 6-7 mm Hg, the inspired isoflurane concen- 
tration was 1.0 vol%, and ETco, was stable at 29 mm 
Hg. In none of the other patients did retractor pres- 
sure increase after administration of the narcotic. 

Several patients (in addition to the patient dis- 
cussed above) required treatment to compensate for 
hemodynamic changes after study drug adminis- 
tration. Isoflurane was decreased in two patients in 
the fentanyl group and in three patients in the 
sufentanil group because MAP decreased to less than 
60 mm Hg, and isoflurane was decreased and phe- 
nylephrine administered to one patient in the sufen- 
tanil group for MAP <55 mm Hg. 


362 ANESTH ANALG 
1991;72:359-63 


Discussion 


The results of this study demonstrate that none of the 
narcotics tested produced significant increases in 
BRP. The observation period (10 min after drug 
administration) should have been adequate to detect 
changes in BRP because previous investigators have 
demonstrated that the increases in CBF, ICP, and 
lumbar cerebral spinal fluid pressure occur within 
this period (1-4). If these effects occur, they would 
not appear to alter directly the brain retractor-brain 
parenchyma relationship to any significant degree. 

The impact of the narcotics that we studied on CBF 
and ICP remains controversial. Significant increases 
in CBF have been reported after the administration of 
sufentanil to dogs with normal and decreased intra- 
cranial compliance (1,2). Small but statistically signif- 
icant increases in lumbar cerebrospinal fluid pressure 
have been demonstrated in humans with brain tu- 
mors after the administration of sufentanil and alfen- 
tanil but not fentanyl] (3,4). In contrast, an increase in 
CBF was not detected after sufentanil administration. 
to patients undergoing coronary artery surgery (14) 
or healthy volunteers (15), Furthermore, no change in 
ICP was reported in a group of neurosurgical inten- 
sive care unit patients with and without intracranial 
hypertension after sufentanil administration (16). 
Several animal studies have also failed to detect 
adverse changes in CBF and/or ICP after the admin- 
istration of sufentanil or alfentanil (17-19). 

We found administration of each of these narcotics 
to be associated with decreases in MAP and rCPP. 
The hemodynamic effects reported in this study par- 
allel the results of other investigators who reported 
significant increases in ICP despite significant de- 
creases in MAP and rCPP (8). It is thus unlikely that 
an increase in BRP that might have accompanied 
drug administration was masked by the decline in 
MAP and rCPP. 

Reduction of regional cortical perfusion has been 
demonstrated to be an important mechanism in the 
generation of retractor injury (7-9). Although BRP 
was not directly affected, the decrease in MAP and 
rCPP associated with the administration of these 
narcotics might indirectly compromise cerebral tissue 
underlying the retractor. The use of these narcotics in 
neurosurgical anesthesia has been advocated on the 
basis of their stable hemodynamic profiles; however, 
the results of this study support the concerns ex- 
pressed by other investigators regarding the need for 
careful titration of doses administered intraopera- 
tively to avoid hemodynamic instability (3,18,20). 

Maintenance of anesthesia in this study was based 
on isoflurane in air/oxygen. Although the use of 
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isoflurane may have altered the CBF/ICP response 
potentially associated with these narcotics, exclusion 
of maintenance anesthesia was clinically impractical. 
Changes in CBV and cerebrospinal fluid pressure 
associated with the use of isoflurane have been 
reported to stabilize within 30 min after the introduc- 
tion of this agent (21). Our study was conducted at 
stable, relatively low, concentrations of isoflurane in 
maderately hyperventilated patients, conditions that 
perallel common intraoperative neuroanesthetic con- 
dizions and that minimize the impact of isoflurane on 
CBF, CBV, and ICP. It is also possible that the use of 
isoflurane contributed to the decline in blood pres- 
sure; however, similar hemodynamic changes after 
narcotic administration have been reported in hu- 
mans utilizing an anesthetic protocol based on ni- 
trous oxide/oxygen/relaxant (3). 

Narcotic dosages in this study were selected to 
re-lect clinically reasonable intraoperative doses. The 
dcsages were considerably smaller than those used in 
most of the studies that reported increases in CBF 
and/or ICP. It is possible that these lower doses failed 
to induce a sufficient increase in CBF to affect retrac- 
toz pressure. However, the increase in CBF associ- 
ated with sufentanil was found to be independent of 
dese, at least in the range from 2 to 200 ug/kg (2). 

One patient in the alfentanil group demonstrated a 
small increase in BRP after drug administration. It is 
likely that the basis for the observed increase in BRP 
was the result of a compensatory cerebral vasodila- 
ticn secondary to the marked decrease in MAP. 
Although alfentanil administration cannot be impli- 
cazed as the direct cause of this increase in BRP, this 
case exemplifies our concern regarding the potential 
implications of narcotic-induced hemodynamic insta- 
bility. The marked decrease in arterial pressure that 
followed alfentanil administration was accompanied 
by an increase in BRP that could exaggerate the 
decrease in rCPP and hence the potential for indirect 
retractor injury. The basis for this profound hemody- 
namic sensitivity to alfentanil is unclear. The possi- 
bility that this effect was associated with a study drug 
dcsage error was investigated and determined to be 
urlikely. Other factors such as blood pressure, heart 
rate, central venous pressure, isoflurane concentra- 
ticn, ETco,, and pathology (cerebral aneurysm, 
grade 0) could not be invoked to explain the observed 
effect on MAP. 

This study was specifically designed to investigate 
the clinical impact of three narcotics on BRP. An 
increase in BRP was not observed after their admin- 
istration, but these results do not necessarily rule out 
the possibility of increases in CBF, CBV, or ICP. 
Nevertheless, this study demonstrates that at reason- 
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able intraoperative doses these narcotics do not ad- 
versely affect BRP. Provided the narcotics we studied 
are administered in doses that avoid hemodynamic 
changes that could potentially compromise rCPP un- 
der the retractor, each appears safe for intraoperative 
use once the cranium is open. 


The authors gratefully acknowledge the assistance of Mrs. Kelly 
Brown in the preparation of th:s manuscript. 
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To study the effects of succinylcholine on subsequent phar- 
macodynamics of nondepolarizing muscle relaxants, a com- 
parative pharmacodynamic study was carried out in pa- 
tients having balanced anesthesia (thiopental, fentanyl, 
nitrous oxideloxygen) in whom equipotent doses of pipecu- 
ronium (80 pglkg) and pancuronium (100 pglkg) were 
given with or without prior administration of succinylcho- 
line (1 mg/kg). 

Fifty-two patients were randomly assigned to one of the 
following four groups: 1, pancuronium (100 pglkg); 2, 
pipecuronium (80 pg/kg); 3, succinylcholine (1 mg/kg) plus 
pancuronium (100 pglkg); and 4, succinylcholine (1 mg/kg) 
plus pipecuronium (80 yg/kg). In groups 3 and 4, the 
nondepolarizing relaxant was given after succinylcholine 
when the twitch height recovered to 75% of its control 
value. For maintenance of neuromuscular blockade, addi- 
tional increments of pancuronium (20 yglkg) or pipecuro- 
nium (15 uglkg) were given. Neuromuscular function was 
monitored throughout induction, maintenance, spontane- 
ous recovery, and pharmacologic reversal of the neuromus- 
cular block. 

Mean onset times for pancuronium (group 1) and pipe- 


curonium (group 2) given without succinylcholine were 
(mean + 5EM) 2.5 + 0.3 and 2.8 + 0.2 min, respectively. 
Meen onset times (times to maximum twitch depression) of 
the two drugs given after succinylcholine (groups 3 and 4) 
were significantly shorter (1.4 + 0.4 and 1.6 + 0.1 min, 
respectively). Clinical durations (i.e., until 25% twitch 
recovery of pancuronium and pipecuronium) were not 
significantly different among the four groups, varying from 
81.1 + &.4 (group 4) to 107.0 + 17.0 (group 2) min. 
Incremental doses used for maintenance of neuromuscular 
blockade aad durations of action ranging from 44.5 + 
5.1 min (group 1) to 52.8 + 7.3 min (group 3) and were 
not altered by the prior administration of succinylcholine. 
After the administration of nondepolarizing relaxant, times 
for spontaneous recovery of twitch height from 10% to 25% 
of baseline levels were comparable in all groups (from 
15.1 + 1.7 to 19.8 + 2.2 min). The response to reversal of 
residual neuromuscular blockade with neostigmine (2.5 mg) 
and glycopyrrolate (0.5 mg) was identical in all groups. We 
conclude that during balanced anesthesia, the use of succi- 
nylcholine for intubation does not necessitate subsequent 
alteration in doses of pancuronium or pipecuronium. 


Key Words: NEUROMUSCULAR RELAXANTS, 
PIPECURCNIUM, PANCURONIUM, SUCCINYLCHOLINE. 
PHARMACODYNAMICS, NEUROMUSCULAR 
RELAXANTS. 





Pipecuronium is a long-acting, nondepolarizing, neu- 
romuscular blocking drug that is slightly more potent 
than, but similar in structure, onset, duration of 
action, and recovery to, pancuronium (1-3). How- 
ever, in contrast to pancuronium, cardiovascular side 
effects are not observed after administration of pipe- 


~~ Supported by a grant from Organon, Inc., West Orange, New 
Jersey. 

Presented in part at the 64th Congress of the International 
Anesthesia Research Society, Honolulu, Hawaii, March 9-13, 1990. 

Received from the Department of Anesthesia, Georgetown 
University Medical Center, Washington, D.C.; and the Depart- 
ment of Anesthesiology, University of California, Davis, School of 
Medicine, Davis, California. Accepted for publication October 24, 
1990. 

Address correspondence to Dr. Dubois, Department of Anes- 
thesia, 3800 Reservoir Road, NW, Washington, DC 20007. 


©1991 by the International Anesthesia Research Society 
0303-2999/91/$3.50 


curonium either to ASA physical status I or II patients 
or to patients undergoing coronary artery bypass 
grafting (4-6). 

Long-acting neuromuscular blocking drugs, such 
as pipecuronium and pancuronium, are commonly 
used for maintenance of muscle relaxation after suc- 
cinylchcline given to facilitate endotracheal intuba- 
tion. Previous studies of the effects of a depolarizing 
relaxant on the pharmacodynamics of subsequently 
administered nondepolarizing drugs have produced 
conflicting results. Katz (7) reported a potentiation of 
the effects of pancuronium by prior administration of 
succinylcholine, although subsequent studies by 
Walts and Rusin failed to demonstrate any interaction 
(8). Similarly, Chae et al. (9) failed to demonstrate any 
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interaction between succinylcholine and pipecuro- 
nium. Their results were, however, derived from a 
protocol designed to construct a cumulative dose- 
response curve. Potential interactions between succi- 
nylcholine and pipecuronium in a more clinically 
relevant protocol have not been examined. 

The purpose of this study was to ascertain if the 
pharmacodynamic parameters of equipotent doses 
of pipecuronium (80 pg/kg) and pancuronium 
(100 g/kg) administered during balanced anesthesia 
were significantly affected by the prior administration 
of succinylcholine (1 mg/kg) to facilitate endotracheal 
intubation. 


Methods and Materials 


After institutional approval, informed consent was 
obtained from 52 patients who were then enrolled in 
the study. All patients were ASA physical status I, I, 
or II between the ages of 22 and 66 yr, had no major 
organ system disease, and weighed between 47 and 
99 kg. Subjects scheduled to undergo surgical proce- 
dures with an estimated minimum duration of 2 h 
were randomly assigned to one of four groups: 
group 1 (n = 12)—pancuronium, 100 pg/kg alone; 
group 2 (n = 13)—pipecuronium, 80 wg/kg alone; 
group 3 (n = 14)—succinylcholine, 1 mg/kg, 
plus pancuronium, 100 pg/kg; and group 4 (n = 
13)—succinylcholine, 1 mg/kg, plus pipecuronium, 
80 wg/kg. After premedication with intravenous diaz- 
epam (0.15 mg/kg) or midazolam (0.07 mg/kg), anes- 
thesia was induced with thiopental (3-6 mg/kg) and 
fentanyl (5-10 ug/kg). Anesthesia was maintained 
using nitrous oxide/oxygen (70%/30%) with supple- 
mental fentanyl and thiopental as necessary. Con- 
trolled ventilation maintained end-tidal Pco, be- 
tween 35 and 40 mm Hg. Esophageal temperature 
was maintained between 35 and 37°C by surface 
warming. 

After induction of anesthesia, the isometric force 
of thumb adduction in response to supramaximal 
ulnar nerve stimulation was recorded as the “con- 
trol” value, using a square-wave train-of-four at 2 Hz 
(0.2 ms duration) every 10 s, for 1 min. Stimulation 
was via surface electrodes placed over the ulnar nerve 
at the wrist, and recorded using a force transducer 
(Myotrace model APM, Professional Instruments, 
Houston, Tex.). In groups 1 and 2, the nondepolar- 
izing muscle relaxant was then administered over 5 s 
into the most distal port of a rapidly flowing periph- 
eral intravenous catheter. Intubation of the trachea 
was attempted within approximately 1 min after the 
development of the maximal stable neuromuscular 
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blocking effect. When succinylcholine preceded the 
nondepolarizing drug (groups 3 and 4), intubation 
was also attempted after development of maximum 
twitch depression. When T, (i.e., first twitch of 
train-of-four) returned to 75% after succinylcholine 
administration, the nondepolarizing drug was ad- 
ministered. 

After recovery from the initial dose of nondepolar- 
izing drug to the extent that T, reached 25% of 
control, an additional incremental dose of pancuro- 
nium (20 wg/kg) or pipecuronium (15 pg/kg) was 
given to maintain adequate muscle relaxation for the 
surgical procedure. Patients were allowed to recover 
spontaneously from their neuromuscular block 
whenever possible. When T, was greater than 25% 
and the T,/T, ratio was less than 0.75 at the end of 
surgery, the residual neuromuscular block was re- 
versed with a mixture of 2.5 mg neostigmine and 
0.5 mg glycopyrrolate. This was repeated once if 
necessary. 

The following pharmacodynamic parameters were 
recorded: 


Onset time: interval between the injection of the 
initial dose of pipecuronium or pancuronium 
and the maximal depression of T, (peak effect). 


Time to intubation and quality of intubating con- 
ditions, determined by the following scale: ex- 
cellent—jaw relaxed, vocal cords apart and im- 
mobile, no diaphragmatic movement; good— 
jaw relaxed, vocal cords apart and immobile, 
some diaphragmatic movement; poor—jaw re- 
laxed, vocal cords moving, “bucking”; and in- 
adequate—jaw not relaxed, vocal cords closed. 


Clinical duration: interval between the injection of 
the initial dose or an incremental maintenance 
dose of pipecuronium or pancuronium and the 
return of T, to 25% of control. 


Spontaneous recovery: time required for T, to 
recover from 10% to 25% of control with parallel 
measurement of T,/T, ratio. 


Response to neostigmine: T, and T,/T, ratios were 
recorded for up to 10 min after the administra- 
tion of reversal drugs. 


Hemodynamic parameters: blood pressure and heart 
rate were recorded before induction of anesthesia, 
before the initial dose of pancuronium or pipecu- 
ronium (after induction) and 2 min after the initial 
drug administration, before endotracheal intuba- 
tion, using an automated blood pressure cuff 
(Dinamap, Critikon, Tampa, Fla.). 
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Table 1. Neuromuscular Pharmacodynamic Data 


Group 1 
Onset (min) 2.5 + 0.3 (12) 
Intubation (min) 2.7 + 0.2 (12) 
Cknical duration (min) 
Initial dose 91.2 + 11.2 (10) 1 
Maintenance dose No. 1 44.5 + 5.1 (5) 
10%-~25% recovery (min) 18.4 + 1.8 (8) 


T,% control 

Before reversal 

10 min after reversal 
T/T; 

Before reversal 

10 min after reversal 


45.1 + 11.2 (10) 
97.5 + 5.8 (10) 


21.9 + 8.4 (10) 
74.8 + 5.0 (10) 





Values are expressed as mean + SEM. 
Number of patients is given in parentheses. 


Group 2 


2.8 + 0.2 (12) 
3.3 + 0.3 (12) 


07.0 + 17.0 (9) 
52.8 + 7.3 (8) 
19.6 + 1.8 (7) 


37.2 + 5.1 (10) 
98.7 + 6.4 (9) 


10.2 + 3.1 (10) 
72.4 + 4.0 (9) 





Group 3 


1.4 + 0.17 (13) 
1.7 + 0.7" (13) 


95.3 + 5.8 (13) 
51.7 + 4.7 (6) 
19.8 + 2.2 (9) 


44.4 + 9,2 (12) 
88.6 + 11.2 (8) 


19.4 + 4.0 (10) 
64.3 + 4.4 (8) 
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Group 4 


1.6 + 0.17 (12) 
1.8 + 0.7" (12) 


81.1 + 5.4 (11) 
52.0 + 11.0 (4) 
15.1 + 1.7 (9) 


50.8 + 6.3 (12) 
107.9 + 3.9 (9) 


15.3 + 4.9 (12) 
78.4 + 6.4 (9) 


Group 1 received pancuronium; group 2, pipecuronium; group 3, succinylcholine and pancuronium; and group 4, succinylcholine and pipecuronium. 
“Group 3 and 4 values differ from those of groups 1 and 2 in a statistically significant way (P < 0.05). 


A two-way analysis of variance with interaction 
using nondepolarizing drugs and the presence or 
absence of succinylcholine as main factors and two- 
sample t-tests were performed whenever applicable, 
using the SAS software version 5.18. All reported P 
values are two-tailed. Results of all tests were consid- 
ered to be statistically significant if the two-tailed P 
value did not exceed 0.05. 


Results 


There were no significant differences in age, weight, 
or height between any of these groups. Surgical 
procedures consisted primarily of abdominal gyneco- 
Icgic and general surgical intestinal operations that 
lasted an average of 2.9 + 0.2 h (SEM). 

Neuromuscular pharmacodynamic data are sum- 
marized in Table 1. There were no statistically signif- 
icant differences in the maximum effect observed in 
any of the groups. A complete suppression of T} was 
seen in 49 of 52 patients. Three patients in group 1 
had maximum effects of 4%, 6%, and 6% of Ty. 
Intubating conditions were comparable in all groups. 
“Good” or “excellent” scores were given to 9 of 12 
patients in groups 1 and 2; 3 of 12 patients received a 
“poor” score in both groups. 


C'nset Times 


Onset times were comparable for pancuronium and 
p:pecuronium administered alone. When succinyl- 
choline was administered to facilitate endotracheal 
intubation, T, recovered to a mean (SEM) of 
78.2% + 5.4% of control in 12.2 + 1.5 min before 


pancuronium administration (group 3), and to a 
mean of 74.1% + 1.9% of control in 11.8 + 1.0 min 
before the administration of pipecuronium (group 4). 
Prior administration of succinylcholine produced a 
statistically significant shortening of the mean onset 
time for both pancuronium and pipecuronium. There 
was, however, no statistically significant difference 
between groups 3 and 4. 

Mean intubation times were significantly shorter 
after the administration of succinylcholine as com- 
pared with either pancuronium alone or pipecuro- 
nium alcne. 


Clinical Duration 


No significant differences were observed in clinical 
durations after the initial dose of pancuronium or 
pipecuronium between groups 1 and 2 or between 
groups 3 and 4. Mean clinical durations (+sEm) for 
groups 1 and 3 (pancuronium) were 91.2 + 11.2 and 
95.3 + 5.8 min, respectively. Mean clinical durations 
for groups 2 and 4 (pipecuronium) were 107.0 + 17.0 
and 81.1 + 5.4 min, respectively. 

Forty-six patients were given a maintenance dose 
of either pancuronium or pipecuronium. No signifi- 
cant differences could be found in the clinical dura- 
tion of e:ther drug. 


Recovery 


Spontanzous recovery times were similar in all 
groups. Time for spontaneous recovery of T, from 
10% to 25% ranged from 15.1 + 1.7 to 19.8 + 2.2 min. 
Prior administration of succinylcholine did not alter the 
rate of recovery. All groups responded similarly to 
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pharmacologic reversal. At the time of reversal and 10 
min after reversal, no difference could be found be- 
tween groups in either T; or T/T; ratios. Ten minutes 
after reversal, recovery was adequate (as determined by 
a T/T; ratio of >0.75) in 7 of 11 patients in group 1, in 
8 of 12 patients in group 2, in 6 of 12 patients in group 
3, and in 10 of 12 patients in group 4. 

Adverse side effects were limited. An episode of 
bradycardia in group 2 occurring 2 min after pipecu- 
ronium injection was readily treated by atropine. 
Two patients in group 4 had prolonged neuromuscu- 
lar blockade. One required 60 min of postoperative 
ventilatory assistance. No factor known to contribute 
to prolonged duration of neuromuscular blockade 
could be found. In the second patient the surgical 
procedure was shorter than expected, and the clinical 
duration of the drug exceeded the duration of the 
surgical procedure. 


Discussion 


The neuromuscular pharmacodynamic data pre- 
sented confirm the equipotency of the doses chosen 
for pancuronium and pipecuronium (i.e., 2 X EDgs). 
Onset times, peak effects, and clinical durations were 
found to be similar for both drugs. Values observed 
for pancuronium and pipecuronium alone (groups 1 
and 2) were comparable to previously reported data 
in studies using similar doses under balanced anes- 
thesia (2,3,10). An initial 80-ug/kg dose of pipecuro- 
nium (group 2) provided a mean onset time of 2.8 + 
0.2 min, consistent production of complete neuro- 
muscular blockade, a mean intubation time of 3.3 + 
0.3 min, and “good” to “excellent” intubation condi- 
tions in 75% of cases. This dose of pipecuronium had 
a mean clinical duration of 107.0 + 17.0 min, and a 
mean duration of spontaneous recovery (from T, = 
10% to T; = 25%) of 19.6 + 1.8 min. Reversal 
characteristics of this group were similar to those 
obtained after pancuronium alone (group 1), espe- 
cially in reference to the predictability and ease of the 
pharmacologic reversal. 

After the use of succinylcholine (1 mg/kg) for 
endotracheal intubation, onset times for subsequent 
doses of both pancuronium and pipecuronium were 
significantly shorter. This faster onset could be due in 
part to the study protocol where the nondepolarizing 
drug was given at a mean T, = 75% recovery from 
succinylcholine and not at full recovery. It could also 
reflect the potentiation between depolarizing and 
nondepolarizing drugs previously reported for other 
neuromuscular blocking drugs (11-16). There are 
multiple processes in neuromuscular transmission 
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susceptible to interactions between depolarizing and 
nondepolarizing drugs including effects on presyn- 
aptic receptors (17), postsynaptic receptors (18), and 
acetylcholinesterase activity (19). 

Previous pharmacodynamic studies of drug inter- 
action between succinylcholine and long-acting non- 
depolarizing agents have produced conflicting re- 
sults. Katz described a potentiation of both peak 
effect and clinical duration when pancuronium was 
given in small doses (20 yg/kg = two-fifths EDgs) 
after full recovery from succinylcholine blockade (7). 
In a subsequent study by Walts and Rusin, however, 
using a higher dose of pancuronium (50 ug/kg) and 
balanced anesthesia (8), no such effect could be 
found. Similar observations have been made with 
vecuronium. In small doses (one-half EDs), vecuro- 
nium-induced blockade was prolonged by previous 
administration of succinylcholine (16,20), but with 
prolonged administration of larger doses of vecuro- 
nium there was no evidence of potentiation (13). 
Also, a small dose of doxacuronium (about one-half 
EDgs) given after full recovery from succinylcholine 
produced an increased peak effect and duration (14), 
whereas there was no such potentiation when the full 
EDs dose was administered (15). Ono et al. studied 
the pharmacodynamic effects of repeated doses of 
pancuronium during halothane anesthesia (12) and 
showed a potentiation of both vecuronium and pan- 
curonium that was time limited: no potentiation 
could be found after 2 h of administration of the 
nondepolarizing drug. Our study (which used a 2 x 
ED, dose of pipecuronium) confirms the finding 
from Chae et al. (9) (who used 1 x EDg;). Prior 
administration of succinylcholine does not appear to 
affect the clinical duration, the rate of spontaneous 
recovery, or the pharmacologic reversal of either 
pancuronium or pipecuronium. 

This study protocol intentionally differs from pre- 
vious studies of succinylcholine interaction. Onset 
data were calculated from a baseline twitch height of 
75% to improve the internal consistency of the re- 
sults. By administering the nondepolarizing drug at 
the same level of twitch recovery (i.e., T, = 75%), the 
percentage of receptor occupancy was approximately 
the same for each patient. In contrast, in other studies 
when pancuronium was given at a fixed time (ie., 
20-30 min) after the complete recovery of control 
twitch height, the percentage of receptor occupancy 
could have varied anywhere from 10% to 80%, con- 
sequently increasing the variability of response to the 
nondepolarizing drug. 

Various studies have used different clinical proto- 
cols, and final conclusions on potentiation by succi- 
nylcholine on subsequent injection of nondepolariz- 
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ing relaxant are difficult to make between the two 
classes of muscle relaxants. However, from these and 
previous results it is possible to suggest that such a 
potentiation is likely to happen when small doses 
(<ED,5) of a nondepolarizing agent are used and 
when its action lasts less than 2 h. 

Cardiovascular effects of these nondepolarizing 
muscle relaxants were in agreement with previously 
reported data (1,21~23). Tachycardia was observed in 
group 1, consistent with the effects of pancuronium. 
The decrease in blood pressure in group 2, and in 
heart rate and diastolic blood pressure in group 4, 
most likely reflects the effects of the induction tech- 
nique. These changes that occurred with pipecuro- 
nium were also found with a “placebo” group and 
may be attributed to the unopposed cardiovascular 
effects of the anesthetic technique used (i.e., thiopen- 
tal and fentanyl) (3). The bradycardia recorded in 
group 4 may also have been enhanced by the musca- 
rinic effect of succinylcholine because significant 
change in heart rate was not associated with pipecu- 
ronium when administered alone (group 2). 

In conclusion, pipecuronium (80 ug/kg) and pan- 
curonium (100 g/kg) have a comparable neuromus- 
cular pharmacodynamic profile, i.e., similar onset 
time, peak effect, clinical duration, spontaneous re- 
covery rate, and reversal characteristics. Prior admin- 
istration of succinylcholine to facilitate endotracheal 
intubation comparably shortens the onset time of 
both nondepolarizing drugs but does not modify 
other pharmacodynamic data. Although we observed 
characteristic heart rate changes after pancuronium 
owing to vagolytic/sympathomimetic properties, no 
clinically significant cardiovascular changes directly 
related to pipecuronium administration could be elic- 
ited. Pipecuronium (80 g/kg) is well suited for both 
induction and maintenance of muscle relaxation dur- 
ing balanced anesthesia in surgical procedures lasting 
at least 90-120 min. Prior use of succinylcholine for 
intubation does not require adjustment of dose for 
subsequent administration of pipecuronium. 
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This study was undertaken to determine the effect, if any, of 
ranitidine on bupivacaine disposition in 28 women under- 
going cesarean section. Before epidural anesthesia, raniti- 
dine (50 mg IM) or sodium citrate (30 mL orally) was 
administered to groups of 14 parturients each. Ranitidine 
was administered 2 h before epidural anesthesia and sodium 
citrate was administered 10 min before the epidural. Ma- 
ternal plasma samples were collected after epidural anesthe- 
sia with bupivacaine. A total of 15 maternal plasma samples 
were taken from the time of administration of epidural 
anesthesia up to 180 min. Postpartum plasma and urine 
samples were also collected from both mothers and neonates. 
Plasma samples were collected up to 48 h postpartum at 
intervals of 12, 24, and 48 h. Urine samples were collected 
at six 6-h intervals up to 36 h postpartum. A two-way 
analysis of variance with repeated measures demonstrated 


The potential for drug interactions exists with H- 
antagonists because they are frequently administered 
concomitantly with other drugs. Ranitidine is an 
H,-antagonist that may be used for preoperative 
prophylaxis of aspiration pneumonitis. The literature 
on drug interactions involving ranitidine interactions 
is extensive (1,2). However, very few of these studies 
have investigated interactions of H,-antagonists dur- 
ing pregnancy. Wilson et al. reported that a 150-mg 
oral dose of ranitidine influences the disposition of 
bupivacaine (3). Their study used a preoperative dose 
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that there was no significant difference in bupivacaine levels 
between the maternal plasma curves of the ranitidine and 
the control groups. At the time of delivery, plasma levels of 
bupivacaine and its N-dealkylated metabolite PPX (2,6- 
pipecolylxylidine) were no different in the mothers or 
neonates of either group. There was no significant difference 
in plasma protein binding of bupivacaine in the presence of 
ranitidine. The excretion rates of bupivacaine and PPX 
were not measurably influenced by ranitidine. The amount 
of bupivacaine excreted. the amount of metabolite excreted, 
and the percentage of drug excreted as metabolite in mater- 
nal urine were not significantly different. These data indi- 
cate that there is no measurable effect of ranitidine on the 
disposition of bupivacaine in parturients. 


Key Words: ANESTHESIA, OBSTETRICAL— 
ranitidine-bupivacaine interaction. ANESTHETICS, 
LocaL—bupivacaine. HISTAMINE, RANITIDINE— 
bupivacaine interaction. 


of ranitidine (150 mg) that was associated with sig- 
nificantly higher plasma levels of bupivacaine. The 
findings of Wilson indicate that the use of preopera- 
tive ranitidine results in higher levels of bupivacaine. 
The purpose of our study was to investigate the effect 
of a smaller (50 mg intramuscular [IM]) preoperative 
dose of ranitidine on the disposition of bupivacaine 
used for epidural anesthesia. 

The interest in potential drug interactions of rani- 
tidine has been stimulated by the finding that a 
similar drug, cimetidine (an H,-antagonist), influ- 
ences the metabolism of many drugs that undergo 
oxidative metabolism (2). This has been supported by 
the observation that cimetidine binds to cytochrome 
P450 and inhibits the hepatic microsomal mixed func- 
tion oxidase system (4). The effect of H,-antagonists 
on hepatic blood flow has also been of interest 
because histamine is known to dilate mesenteric 
arteries through H,- and H,-receptors (5). Some re- 
ports have indicated that hepatic blood flow may be 
reduced by cimetidine (6). In addition to this, cimet- 
idine has been shown to affect the kidney’s active 
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transport system for organic cations by competing 
with basic drugs for tubular secretion (7). 

In general, the interactive effects of ranitidine are 
Jess than those of cimetidine. Although both drugs 
are H,-antagonists, their chemical structures are dif- 
ferent. A major structural difference between these 
drugs is that ranitidine has a furan ring and cimeti- 
dine has an imidazole ring. This may account for 
ranitidine’s lower binding affinity to cytochrome P450 
and negligible effect on cytochrome P450-mediated 
oxidative metabolism (8). Like cimetidine, ranitidine 
can influence the renal clearance of drugs (9). How- 
ever, due to the fact that therapeutic levels of raniti- 
dine are only about 25% of those of cimetidine, the 
effect of ranitidine upon renal clearance may not be 
significant (10). 


Materials and Methods 


Twenty-eight women and their infants were studied 
during cesarean section and after delivery. All of the 
women had elective cesarean sections, underwent 
epidural anesthesia using 0.5% bupivacaine, and 
delivered healthy term infants. Student's t-test was 
used to compare patient characteristics; dichotomous 
variables were evaluated by x analysis. Preopera- 
tively, 14 study patients were given ranitidine (50 mg 
IM) 2 h before cesarean section. Control patients 
received sodium citrate (30 mL) 10 min preopera- 
tively. The study was approved by the Human Inves- 
tigation Committee of MetroHealth Medical Center; 
informed consent was obtained from each patient 
before enrollment in the study. 

Maternal plasma samples were collected at timed 
intervals as previously described (11). At the time of 
delivery, maternal vein, cord vein, and cord artery 
samples were collected. After delivery, plasma sam- 
ples were collected from mothers and infants at 12, 
24, and 48 h. Urine was collected from both mothers 
and neonates over six 6-h intervals starting from the 
time of delivery. Samples were refrigerated while 
being collected and frozen at —20°C. Not all samples 
could be collected from all patients. 

The plasma levels of bupivacaine and its pharma- 
cologically inactive metabolite 2,6-pipecolylxylidine 
(PPX) were measured by gas chromatography/mass 
spectrometry (GC/MS) (11). Maternal plasma levels of 
bupivacaine in the control and ranitidine groups were 
analyzed by a two-way analysis of variance with 
repeated measures. This was performed on the 
plasma levels of bupivacaine from the administration 
of the drug to 48 h postpartum. The areas under the 
plasma curves (AUC) were determined by a combi- 
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nation of trapezoidal and log trapezoidal methods 
(12), and the AUC values were corrected for dosage. 
The area following the last observation was estimated 
by dividing the final value by the elimination rate 
constant. The maternal elimination rate constant was 
measured from the time of delivery through 48 h 
postpartum. The neonatal elimination rate constant 
was measured from the cord artery sample through 
48 h pcstpartum. The elimination half-life (tı) was 
calculated as In(2)/k. Other pharmacokinetic parame- 
ters measured were the maximum maternal plasma 
concentration (Cmax) and the corresponding time 
(tnax) ctudent’s t-test was used to compare the AUC, 
tuy Cmax and tnax Values. 

Maternal and neonatal samples obtained at the 
time of delivery were analyzed for bupivacaine and 
PPX. The bupivacaine and PPX levels of the raniti- 
dine and control groups were compared by Student's 
t-test. The cord vein versus maternal vein and the 
cord artery versus cord vein ratios of bupivacaine and 
PPX were also compared in this manner. Student's 
t-test was used to compare the bupivacaine levels and 
the half-life values for neonatal plasma. 

The amounts of bupivacaine and PPX excreted in 
maternal and neonatal urine were measured by 
GC/MS (11). A two-way analysis of variance with 
repeated measures was used to compare these values 
in maternal urine collected over six 6-h intervals. In 
maternal urine, the total amounts of bupivacaine and 
PPX, the percentages of metabolite, and the percent- 
ages of the total dose excreted were compared by 
Student’s t-test. Linear plots of the maternal and 
neonatal ratios of PPX to total drug described urinary 
excretion. A two-way analysis of variance with re- 
peated measures compared the maternal ratios. In 
neonatal urine, the ratios of PPX to the total drug 
excreted (over six 6-h collection intervals) were ana- 
lyzed by Student's t-test. 

Protein binding of bupivacaine was measured in 
maternal plasma from 16 parturients before the ad- 
ministration of any medication. The binding experi- 
ments were carried out at bupivacaine concentrations 
of 1.0 pg/mL. Equilibrium dialysis incubations were 
performed at 37°C using plasma diluted 1:10 with 
buffer (9.08 M Na,HPO,, 0.03 M NaH,PO,, 0.6% wt/ 
vol NaCl [pH 7.4]) and at ranitidine concentrations of 
0.0, 0.5, and 0.05 g/mL as previously described (13). 
Paired t-tests were used to evaluate the protein 
binding data. 

Statistical significance was accepted at P < 0.05. 
One-tailed, paired t-tests were used to analyze the 
protein binding data, with statistical significance ac- 
cepted at P < 0.05. Using the precision of the bupiv- 
acaine plasma assay, power analysis. (14) indicated 
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Table 1. Maternal Characteristics of Study Group 


Control 

Maternal characteristic (n = 14) 
Age (yr) 28 + 4° 
Parity (22-37) 

Nulliparous 1 

Multiparous 13 
Delivery 

Repeat section 11 

Primary section 3 
Indication for section 

Elective 14 

Other 0 
Intrapartum anesthesia 163 + 43 

0.5% Bupivacaine (mg) (100-235) 
Anesthesia to delivery 48 + 18 

interval (min) (25-100) 
Complications 

>200 Ib 2 

Gestational diabetes 1 
Weight (Ib) 174 + 37 

(147-289) 


NS, not significant. 


“Value is expressed as mean + SD, with the range given in parentheses. 


tBy the x7-test. 


that 14 patients per group are needed to reduce the 
probability of a type II error to 0.1 (A = 0.1X). 
Parameters tested by Student’s t-test were also 
checked using the Mann-Whitney test statistic. Sta- 
tistical analysis was performed using BMDP statistical 
software (BMDP Statistical Software, Los Angeles, 
Calif.). 


Results 
Patient Characteristics 


Ranitidine was administered 125 + 37 min (range, 
50-166) preoperatively. The ranitidine-to-delivery in- 
terval was 152 + 39 min (range, 88-248). Patient 
characteristics are shown in Tables 1 and 2. Compar- 
ison of the maternal study groups (Table 1) shows 
that two of the ranitidine patients were not scheduled 
for elective cesarean sections. One patient presented 
in labor with a history of a previous section for a 
failed induction. The other patient had a history of a 
previous cesarean section and presented with late 
decelerations and mild contractions. The inclusion or 
exclusion of these patients did not significantly influ- 
ence the characteristics of the study groups. The 
neonatal characteristics, shown in Table 2, indicate 
that the infants from these groups are similar with 
respect to gestational age, birth weight, and Apgar 
scores. One infant from the control group was acid- 
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Ranitidine Significance 
(n = 14) level 
27 +5 NS 
(19-34) 
3 NS? 
11 
10 NS? 
4 
2 NS? 
2 
164 + 40 NS 
(75-215) 
50+ 8 NS 
(39-57) 
7 
0 
207 + 47 NS 
(136-300) 


otic, having a cord artery pH value of 7.15. The 
inclusion or exclusion of this infant did not signifi- 
cantly influence the characteristics of the neonatal 
groups or the outcome variables related to neonatal 
drug disposition. 


Plasma Disposition 


The maternal plasma levels of bupivacaine after epi- 
dural anesthesia are shown in Figure 1. A two-way 
analysis of. variance with repeated measures indi- 
cated that there is no significant difference between 
the ranitidine or control groups from the time of the 
administration of the bupivacaine to 48 h postpartum 
(F[1,11] = 0.03, P = 0.86). Separate analysis of the 
plasma curves before and after the time of delivery 
did not show a significant difference. Other pharma- 
cokinetic parameters were also evaluated. These 
data, shown in Table 3, indicate that there is no 
significant difference in the AUC (corrected for dose), 
ty, Cmax OF tmax for either group. Some of the 
pharmacokinetic parameters suggested that a small 
treatment effect may be present. This was evidenced 
by a longer tn, a larger AUC, a higher Cmax and a 
longer tax for the ranitidine group. However, none 
of these differences were statistically significant. It 
may be that an effect, attributable to ranitidine, may 
be hidden by intersubject variability. The standard 
deviations for the pharmacokinetic parameters in 
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Table 2. Characteristics of Neonates 


Control 
Neonatal characteristic (n = 14) 
Gestational age (wk) 39 + 1° 
(37-42) 
Birth weight (g) 3305 + 528 
(2520-4310) 
Apgar < 7 
1 Min 1 
5 Min 0 
Cord venous pH 7.35 + 0.05 
(7.22-7.40) 
Cord artery pH 7.29 + 0.06 
(7.15-7.37) 
Complications 
Large for gestational age 1 
Polyhydramnios 1 
Hyperbilirubinemia 0 
Heart murmur 1 
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Ranitidine Significance 
(n = 14) level 
401 NS 
(38-42) 
3424 + 352 NS 
(2795-4080) 
0 
0 
7.34 + 0.03 NS 
(7.28-7.39) 
7.27 + 0.03 NS 
(7.20-7.34) 
0 
0 
1 
1 





NS, not significant. 


“Value is expressed as mean + sp, with the range given in parentheses. 
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Figure 1. Maternal plasma levels of bupivacaine after epidural 
anesthesia for cesarean section (mean + SEM). 


Table 3 were used to compute the £8 value for these 
parameters (14). The probability of a type II error is 
greater than 0.4 (n = 9, A = 0.2X). However, bupiv- 
acaine has a coefficient of variation of 8% at a plasma 
level of 0.5 ug/mL. Based on the standard deviation 
of the assay, the probability of a type II error is less 
than 0.1 (n = 9 and A = 0.2X). 

Samples obtained at the time of delivery (153 + 
39 min after the administration of ranitidine) were 
analyzed for levels of bupivacaine and PPX. The 
results, shown in Table 4, indicate that there are no 
significant differences in the drug or metabolite levels 
of the maternal delivery sample, cord vein, or cord 
artery. Ratios of the drug and metabolite in the 
delivery samples indicate that these are not affected 
by preoperative exposure to ranitidine (Table 5). The 


neonatal half-life of bupivacaine and the neonatal 
bupivacaine levels at 12, 24, and 48 h postpartum also 
were not significantly different (Table 6). 


Urinary Disposition 


The data in Table 7 describe the maternal urinary 
disposixion of bupivacaine and PPX. The amounts of 
bupivacaine and PPX excreted in maternal urine over 
36 h did not differ significantly between the control 
and ranitidine groups. The percentage of metabolite 
to the total urinary excretion and the percentage of 
the administered dose excreted were not significantly 
different. Figure 2 shows the maternal ratio of PPX to 
the total amount of drug excreted broken down into 
six 6-h intervals. A two-way analysis of variance 
with repeated measures indicated that the control 
and ranitidine groups did not differ significantly 
(F[1,14] = 3.01, P = 0.10). The amounts of bupiv- 
acaine and PPX in maternal urine were also analyzed 
using a two-way analysis of variance with repeated 
measures. Again, the groups did not differ signifi- 
cantly over the six 6-h collection intervals (P > 0.05). 

The neonatal ratio of PPX to the total urinary 
excretion is similar in the control and ranitidine 
groups as shown in Figure 3. Analysis of the neonatal 
ratios by Student’s t-test indicated that there is no 
significant difference between the control and raniti- 
dine groups. 


Protein Binding 


Plasma protein binding was not affected by the pres- 
ence of ranitidine. At a concentration of 1.0 g/mL, 
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Table 3. Pharmacokinetic Parameters 


Control 
(n = 9) 


7.12 + 1.50" 
(3.95-8.99) 
0.0462 + 0.0114 
(0.0322-0.0704) 
1.03 + 0.32 
(0.62-1.66) 
49 + 24 
(15-90) 


Maternal ty. (h) 
AUC (h/L) 
Cmax (ug/mL) 
fmax (min) 


NS, not significant. 
“Value is expressed as mean + sp, with the range given in parentheses. 
Mose-corrected: AUC = AUCactyat/dose. 
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Ranitidine Significance 
(n = 9) level 
7.25 + 1.41 NS 
(5.33-9.53) 
0.0502 + 0.0154 NS 
(0.0163-0.0654) 
1.13 + 0.31 NS 
(0.77-1.70) 
54 + 27 NS 
(15-90) 


Table 4. Bupivacaine and 2,6-Pipecolylxylidine Levels at Delivery in Control and in Ranitidine-Treated Parturients 








Control Ranitidine Significance 
(n = 13) (n = 13) level 
Bupivacaine (ng/mL) 
Maternal vein 748 + 3077 731 + 259 NS 
(96-1300) (285-1103) 
Cord vein 272 + 285 219 + 98 NS 
(90-1181) (35-441) 
Cord artery 155 + 156” 113 + 37° NS 
(37-583) (62-151) 
PPX (ng/mL) 
Maternal vein 17 + 18 14+ 19 NS 
(0-48) (0-51) 
Cord vein 15+ 14 18 + 15 NS 
(0-44) (0-44) 





NS, not significant; PPX, 2,6-pipecolylxylidine. 

pValue is expressed as mean + sp, with the range given in parentheses. 
n = 10. 

n= 5. 


bupivacaine was 98.53% protein-bound. In the pres- 
ence of ranitidine at 0.5 and 0.05 g/mL, bupivacaine 
protein binding was 98.50% and 98.53%, respec- 
tively. Paired t-test demonstrated no significant dif- 
ference. 


Discussion 


The purpose of this study was to determine whether 
a single dose of ranitidine alters the disposition of 
bupivacaine used for epidural anesthesia in obstetric 
patients. The study evaluated pharmacokinetic pa- 
rameters in both mothers and infants. None of the 
maternal or neonatal parameters studied indicated a 
significant difference between the control and the 
ranitidine groups. The data indicated that 50 mg of 
IM ranitidine does not alter the metabolism, placental 
transfer, or protein binding of bupivacaine. Some of 
the pharmacokinetic parameters suggested that a 
small treatment effect may be present. This was 


evidenced by a longer tıp, a larger AUC, a bigger 
Cmax and a longer tmax for the ranitidine group. 
However, none of these differences was statistically 
significant. 

The results of our study are in contrast to a 
previous study by Wilson et al., which measured 
bupivacaine levels in parturients who received a 
150-mg oral dose of ranitidine 2 h before epidural 
anesthesia (3). The study in which 150 mg oral 
ranitidine was given found that parturients pre- 
treated with ranitidine (n = 9) had higher mean 
plasma levels of bupivacaine than the control group 
(n = 7), which did not receive ranitidine. This oc- 
curred only at 40 min after the administration of 
epidural anesthesia (P < 0.05). However, there was 
no statistically significant difference in plasma levels 
of bupivacaine in blood samples obtained at the time 
of delivery and at cther time intervals. The study of 
Wilson also used a smaller sample size than the 
present study. 

A dose of 150 mg of orally administered ranitidine 
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Table 5. Cord Vein/Maternal Vein and Cord Artery/Cord Vein Ratios in Control and Ranitidine-Treated Parturients 








Control Ranitidine Significance 
(n = 12) (n = 13) level 
Bupivacaine 
Cord vein/maternal vein 0.36 + 0.40" 0.32 + 0.17 NS 
(0.14-1.57) (0.12-0.71) 
Cord artery/cord vein 0.61 + 0.36" 0.87 + 0.52¢ NS 
(0.12-1.48) (0.43~1.77) 
PPX 
Cord vein/maternal vein 0.86 + 0.33% 1.64 + 1.43° NS 
(0.40-1.43) (0.67-4.29) 





NS, not significant; PPX, 2,6-Pipecolylxylidine. 
pValue is expressed as mean + sp, with the range given in parentheses. 
n= 10. 


Table 6. Bupivacaine Levels (ng/mL) in Neonatal Plasma at Various Times After Delivery and Half-Life Calculated From 


Plasma Data 








Control 
(n = 13) 


12h 1747 
(4-25) 
24h 7+4 
(0-13) 
48h 0+0 
(0-0) 
5.11 + 0.56" 
(4.53-6.22) 


Neonatal t (h) 


NS, not significant. 

"Value is expressed as mean + sp, with the range given in parentheses. 
vn = 

n=9. 











Table 7. Bupivacaine and 2,6-Pipecolylxylidine Excretion by Control and Ranitidine-Treated Parturients 


Control 
(n = 7) 
Total bupivacaine excreted 0.41 + 0.17" 
(mg/mL) (0.23-0.68) 
Total PPX excreted 15.81 + 10.27 
(mg/mL) (5.53-35.86) 
Percentage of metabolite 97 +1 
to total product excreted (95-99) 
Percentage of total dose 1128 
excreted (4-26) 


Ranitidine Significance 
(n = 13) level 
22 £ 17 NS 
(0-62) 
947 NS 
(0-21) 
1#£2 NS 
(0-7) 
5.46 + 1.58? NS 
(4.52-9.53) 
Ranitidine Significance 
(n = 11) level 
0.76 + 0.53 NS 
(0.29-2.08) 
19.70 £ 12.97 NS 
(3.30-41.05) 
96 £ 21 NS 
(92-98) 
17 £ 14 NS 
(3-48) 


NS, not significant; PPX, 2,6-Pipecolylxylidine. 
“Value is expressed as mean + sp, with the range given in parentheses. 


has a bioavailability of 53% + 14% (15). Because 
Wilson et al. used an oral dose of 150 mg, they used 
a larger pharmacologic dose of ranitidine than the 
50 mg IM dose used for our study. This may be 
responsible for the statistically significant difference 
in the plasma levels of bupivacaine. The study of 


Morichau-Beauchant et al. (15) compared 50 mg in- 
travenous and 150 mg oral ranitidine administration. 
In normal patients an oral dose of 150 mg produced 
an AUC value of 1.88 + 0.45 mg-L7?-h7?, whereas a 
50-mg intravenous dose gave an AUC value of 1.22 + 
0.20 mg-L~!-h7? (15). This is a statistically significant 
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C Control 
Ranitidine 


Ratio PPX/Total Excreted 





6 12 16 24 30 3 
Time (b) 
Figure 2. Maternal ratio of PPX, a metabolic product of bupiv- 


acaine, to total products (PPX plus unchanged bupivacaine) ex- 
creted by ranitidine-treated and control patients (mean + SEM). 
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Figure 3. Neonatal ratio of PPX, a metabolic product of bupiv- 
acaine, to total products (PPX plus unchanged bupivacaine) ex- 
creted by ranitidine-treated and control infants (mean + SEM). 


difference (P < 0.05), which suggests that patients in 
the study of Wilson et al. had a higher level of 
ranitidine exposure. 

Patients in Wilson’s study were given oral raniti- 
dine 2 h before epidural anesthesia. It has been 
reported that a 150-mg oral dose of ranitidine has a 
tmax Of 150 + 79 min and a Cmax of 380 + 146 ng/mL 
(15). Because these patients were dosed 2 h before the 
epidural they were probably close to the peak con- 
centration of 380 ng/mL 40 min after epidural anes- 
thesia. In contrast, a 50-mg intravenous dose has a 
plasma concentration less than 20 ng/mL after 2.5 h 
(15). Therefore, 2.5 h after the administration of a 
50-mg IM dose, the plasma concentration of raniti- 
dine is most probably less than the plasma concen- 
tration from a 150-mg oral dose. Thus, the findings of 
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Wilson et al. may be attributed to a larger dose and 
higher plasma levels of ranitidine. 

It may be that a small effect, attributable to raniti- 
dine, may be hidden by intersubject variability. The 8 
value for the pharmacokinetic parameters shown in 
Table 3 is greater than 0.4. This indicates that the 
number of patients used for this study may be inad- 
equate to completely exclude the possibility of a type 
II error, and thus, the findings should be interpreted 
accordingly. This is in contrast to a £ value less than 
0.1 calculated from the precision of the bupivacaine 
plasma assay (n = 9, A = 0.2X). It is estimated that 50 
patients per group (14) would be needed to obtain a 8 
value of 0.1 with study patients (A = 0.2X). However, 
even though a statistically significant difference 
might be found with a larger sample size, the data 
suggest that any difference would probably not be 
clinically significant. 

Clinical studies have shown that preoperative ran- 
itidine offers effective protection against acid aspira- 
tion during anesthesia (16). A 50-mg IM dose of 
ranitidine increased the gastric pH above 2.5 in about 
94% of the patients studied and decreased the gastric 
volume to less than 25 mL in 92% of the patients (16). 
Other studies indicate that on an equimolar basis 
ranitidine is about four times more potent than cimet- 
idine (17). Our study has found no statistically sig- 
nificant drug interaction attributable to ranitidine. 
Therefore, the intramuscular administration of ranit- 
idine may be a safe and effective means of prophy- 
laxis for aspiration pneumonitis during cesarean sec- 
tion. 


The authors would like to express appreciation to Dr. B. Kuhnert, 
Wyeth Pharmaceuticals, Inc., Philadelphia, Pa., who initiated this 
study, and to Dr. N. Lazebnik, MetroHealth Medical Center, 
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The minimum alveolar anesthetic concentration (MAC) of 
desflurane (I-653) was determined when administered with 
60% nitrous oxide (N,Q) in oxygen after a standardized 
induction sequence consisting of 0, 3, 6, or 9 ugikg 
intravenous (IV) fentanyl followed by 3-6 mg/kg IV thio- 
pental and 1.5 mg/kg IV succinylcholine. For comparison, 
we also determined the isoflurane MAC with 60% N,O in 
oxygen after an induction dose of 3 g/kg IV fentanyl and 
similar doses of thiopental and succinylcholine. All patients 
were undergoing elective surgical procedures. The mini- 
mum alveolar anesthetic concentration in patients given 


Desflurane (I-653), a new volatile anesthetic, is a 
halogenated methyl ethyl ether that differs from 
isoflurane by the substitution of a fluorine for a 
chlorine at the a-ethyl position (1). Although the 
minimum alveolar anesthetic concentration (MAC) of 
desflurane alone and in combination with nitrous 
oxide has been determined in humans (2), it will 
likely be used in combination with other anesthetic 
adjuvants. Therefore, it is important to understand 
the interaction between desflurane and intravenous 
(IV) anesthetic, analgesic, and muscle relaxant drugs 
that are commonly used during general anesthesia. 

This study was designed to determine the effect of 
varying doses of fentanyl on the desflurane anes- 
thetic requirement when administered in combina- 
tion with thiopental and nitrous oxide (N,O). 
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isoflurane and 60% N-O with 3 pg/kg fentanyl was 0.4%, 
approximately 20% below previously reported MAC values 
for isoflurane with 60% N,O alone. The minimum alveolar 
anesthetic concentration of desflurane with 60% N,O plus 
0, 3, 6, and 9 yglkg IV fentanyl was 3.7%, 3.0%, 1.2%, 
and 0.1%, respectively. Thus, the MAC-lowering effect of 
3 pglkg IV fentanyl appears to be similar with both 
isoflurane and desflurane. Fentanyl, 3~9 yg/kg IV, pro- 
duces dose-dependent decreases in the MAC of desflurane. 


Key Words: ANALGESICS, oriom—fentanyl. 
ANESTHETICS, GasEes—nitrous oxide. 
ANESTHETICS, voLatTrte—desflurane. POTENCY, 
ANESTHETIC—MAC., 


Materials and Methods 


Ninety-three healthy, ASA physical status I and II 
adult patients scheduled for elective surgical proce- 
dures were randomly assigned to one of five study 
groups according to a protocol that was approved by 
the Washington University Human Studies Commit- 
tee. Written informed consent was obtained from 
each patient. Patients in group 1 received 3 ughkg 
fentanyl with isoflurane and 60% N,O in oxygen 
(O,). Patients in groups 2-5 received 0, 3, 6, or 9 
ug/kg IV fentanyl, respectively, together with desflu- 
rane and 60% N,O in O,. Patients were excluded 
from participation in the study if they were women of 
childbearing potential, anemic (hematocrit < 30%), 
hypothermic, or had a history of coronary artery 
disease, preexisting lung disease, or unusual reac- 
tions to centrally active sedative or analgesic medica- 
tions. Also excluded were patients who chronically 
used drugs known to affect the volatile anesthetic 
requirement, or those who had had general anesthe- 
sia within 7 days before surgery. 

All subjects fasted for a minimum of 12 h before 
their scheduled surgery. Routine intraoperative mon- 
itoring included electrocardiogram, noninvasive 
measurement of blood pressure (Dinamap, Criti- 
kon, Tampa, Fla.j, and hemoglobin O, saturation 
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(Ohmeda Biox 3700, Pleasanton, Calif.), a precordial 
stethoscope, neuromuscular blockade monitor (Re- 
laxograph, Puritan Bennett, Tewksbury, Mass.), and 
an esophageal temperature probe. The inspired and 
end-tidal concentrations of N,O, isoflurane, desflu- 
rane, and carbon dioxide were measured using an 
infrared gas analyzer (Datex, Puritan Bennett). The 
monitor was calibrated before each surgical proce- 
dure using gases analyzed to +0.01% accuracy (Scott 
Medical Products, Plumsteadville, Pa.). Intraopera- 
tive variables were recorded at 1-min intervals until 
5 min after surgical (skin) incision. Subsequent mea- 
surements were performed at 5-min intervals until 
the end of surgery. 

Patients received no premedication before arriving 
in the operating room. After obtaining baseline mea- 
surements, a defasciculating dose of 2-3 mg IV d-tu- 
bocurarine was administered to each patient. Those 
randomized to groups receiving fentanyl (1 and 3-5) 
were given 3-9 yg/kg IV over 2-5 min immediately 
before induction of anesthesia. Thiopental, 3-6 mg/kg 
IV, was given at the time of induction to produce loss 
of the eyelash reflex. Succinylcholine, 1.5 mg/kg IV, 
was administered to facilitate intubation. After intu- 
bation, anesthesia was maintained using 60% N,O in 
O, and a predetermined concentration of volatile 
agent until the time of incision. The end-tidal anes- 
thetic gas concentration was kept constant for at least 
15 min before skin incision to allow for adequate 
equilibration. Recovery of succinylcholine-induced 
neuromuscular blockade was confirmed at the time of 
incision by a return of the Relaxograph tracing to 
within 5% of the presuccinylcholine baseline value in 
all patients. 

Minimum alveolar anesthetic concentration was 
determined by recording the presence or absence of 
movement, as adopted from Eger et al. (3). We 
considered movement to be an “all-or-none” phe- 
nomena in response to skin incision. Breath-holding, 
bucking, and coughing were not considered to be 
movement. Minimum alveolar anesthetic concentra- 
tion was determined for each treatment group using 
Dixon’s up-down method, an oscillatory technique 
commonly used in estimating EDs, and LDs, values 
for events that are characterized by a quantal re- 
sponse (4). 

The initial alveolar concentrations of the volatile 
agents in groups 1-5 were 1% isoflurane and 7%, 6%, 
5%, and 4% desflurane, respectively. If a patient 
moved during skin incision, the next study patient 
(within the same treatment group) received a higher 
concentration of the volatile agent. Conversely, if the 
patient did not move, the next patient in that partic- 
ular group received a lower concentration of the 
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agent. An attempt was made to keep the increments 
in which the concentration of the volatile agent was 
increased or decreased constant (increment equiva- 
lent to approximately 10% of the concentration ad- 
ministered to the first patient in each treatment 
group). Minimum alveolar anesthetic concentration 
in the presence of N,O was determined from an 
analysis of the percentage of patients in each treat- 
ment group moving at various end-tidal concentra- 
tions (5) and was defined to be the alveolar concen- 
tration preventing 50% of patients from moving in 
response to skin incision. 

If movement occurred, 25-100 mg IV thiopental 
and 1-2 mg IV vecuronium were administered to 
ensure an adequate depth of surgical anesthesia and 
to prevent further movement. After incision, anes- 
thesia was maintained using 60% N,O in O, and 
0.5%-1.C% isoflurane (group 1) or 60% N,O in O, 
and 1.5%-6% desflurane (groups 2-5). Vecuronium, 
1-2 mg IV bolus doses, were administered as needed 
to maintain an adequate degree of neuromuscular 
blockade throughout the operation. Ventilation was 
adjusted to maintain a Perco, of 30-40 mm Hg as 
measured by the gas analyzer, and the temperature 
was maintained at 35.0°-37.5°C for the duration of the 
surgical procedure using heated, humidified gases 
and fluid warmers. 

Statistical analysis was performed using the 
FASTAT data analysis system (Systat, Inc., Evanston, 
IL). Continuous variables were analyzed using a 
one-way analysis of variance or the Student's t-test 
when appropriate. Descriptive variables were ana- 
lyzed using ¥ analysis or Fisher’s exact test. Data are 
reported as mean values + sp. P values < 0.05 were 
considered statistically significant. 


Results 


All study groups (1-5) were comparable with respect 
to demographic data (Table 1). There were no statis- 
tically significant differences between treatment 
groups with respect to age, weight, height, sex, race, 
ASA physical status, or types of surgical procedure 
(e.g., orthopedic, gynecologic). Intraoperative data 
from all experiments are also summarized in Table 1. 
There were also no significant differences between 
groups with regard to duration of surgery, tempera- 
ture at the time of incision, or the time elapsed from 
induction until incision. As expected, the two high- 
dose fentanyl groups required significantly less thio- 
pental for induction of anesthesia than the group 
receiving no fentanyl. Hemodynamic changes during 
induction were similar in all five treatment groups. 


FENTANYL, NITROUS OXIDE, AND DESFLURANE MAC 


Table 1. Demographic Data in the Five Groups of Patients. 





1 


n 21 
Sex (M/F) 7/14 
Age (yr) 40+ 14 
Weight (kg) 74 + 16 
Height (cm) 172 £9 
Preinduction fentanyl dose (ug/kg) 3.1 + 0.6 
Thiopental dose (mg/kg) 44415 
Temperature at incision (°C) 36.0 + 0.6 
Induction to incision (min) 19+6 


All values except for n and sex are expressed as mean + sp. 





Patients in group 1 received isoflurane; those in groups 2-5 received desflurane. 


*Significantly different from group 2, P < 0.05. 


In group 1 (isoflurane), MAC was 0.4% + 0.05%. 
Desflurane MAC was 3.7% + 0.5%, 3.0% + 0.4%, 
1.2% + 0.2%, and 0.1% + 0.1% in groups 2-5, 
respectively. In fact, in the high-dose fentanyl group 
(5), there was no movement recorded in any subject 
except the one patient who did not receive any 
desflurane before incision. Therefore, because only 
one bracketed interval could be obtained in this 
treatment group, the variability was assumed to be 
equivalent to the accuracy of the Datex gas analyzer 
(+0.1%). As expected, fentanyl produced a dose- 
dependent decrease in the MAC of desflurane (Figure 
1). Factors known to alter MAC (e.g., age, tempera- 
ture) were equivalent in the movers and nonmovers 
within each treatment group. 


Discussion 


The anesthetic potency (MAC) of desflurane, when 
used alone, has been determined in several species, 
including rats (5.7%), dogs (7.2%), pigs (10%), and 
humans (6.0%) (2,6-8). However, information re- 
garding the interaction of this new inhaled anesthetic 
with commonly used anesthetic, analgesic, and mus- 
cle relaxant drugs is needed before its introduction 
into clinical practice. Both N,O and opioid analgesics 
decrease the MAC of commonly used volatile anes- 
thetics (e.g., halothane, isoflurane, and enflurane) 
(9-12). The effect of N,O on the desflurane MAC has 
recently been investigated in humans (13). 

Previous studies have indicated that N,O de- 
creases the MAC of volatile anesthetics in a concen- 
tration-dependent, linear fashion (9,10,14,15). Al- 
though this assumption has recently been questioned 
(16), current data suggest that the MAC of desflurane 
is decreased from 6% to approximately 3% when 
administered with 60% NO in O, (2,13). In this 
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Figure 1. Preinduction doses of fentanyl decreased the end-tidal 
desflurane concentration required to prevent movement in re- 
sponse to skin incision in a dose-dependent fashion. Minimum 
alveolar concentration (MAC) values are reported as mean + sp. A 
hyperbolic equation was used to fit these data points to illustrate 
the asymptotically limiting values of MAC at either end of the 
dose-response curve. 


study we found the isoflurane MAC in the presence 
of 60% NO and 3 pg/kg fentanyl to be 0.4% + 0.06%. 
This value is consistent with the reported MAC of 
isoflurane in 70% N,O of 0.5% + 0.07% in patients 
aged 46 + 1 yr in the absence of any opioid analgesic 
(10). Our data suggest that fentanyl in a dose of 
3 wg/kg decreases the MAC of isoflurane-N,O by an 
additional 20%. We observed a similar effect on 
desflurane MAC. Thus, the increase in anesthetic 
potency produced by 3 ug/kg IV fentanyl appears to 
be similar with both desflurane and isoflurane. The 
overall results suggest a dose-related decrease in the 
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desflurane anesthetic requirement for skin incision as 
the amount of fentanyl is increased (Figure 1), with 
MAC approaching zero when 60% N,O is adminis- 
tered with 9 ug/kg fentanyl and 2-4 mg/kg thiopental 
fcr induction of anesthesia. 

There are two major deficiencies in our study 
design. First, within each treatment group, the induc- 
tion dose of thiopental was titrated to a clinical 
endpoint (i.e., loss of the eyelid reflex). Not surpris- 
ingly, patients in the low-dose fentanyl groups (1 and 
3) required slightly more thiopental for induction 
than did those in the high-dose fentanyl groups (4 
and 5). This difference in the barbiturate requirement 
may have altered the response at the time of skin 
incision. However, it is unlikely that this finding 
significantly affected our MAC data as the average 
time from induction to incision was at least 19 min in 
each group, with an overall mean (+ sp) of 20 + 
6 min in all five groups. 

Pharmacokinetic studies have reported the rapid 
distribution (a) half-life of thiopental to be 2.5- 
8.5 min, and the slow distribution half-life to be 46- 
63 min, with an elimination half-life of 5.1-11.6 h 
(17,18). However, using direct measurements of ce- 
rebral blood flow with carotid arterial and internal 
jugular venous blood sampling, it has been shown 
that the blood (and brain) concentration of thiopental 
in humans is less than one-tenth the peak concentra- 
tion 20 min after an intravenous bolus injection (19). 
In addition, pharmacodynamic studies of thiopental 

‘that have examined the loss of the corneal reflex and 
response to trapezius muscle stimulation indicate 
that these responses would have returned to baseline 
within 20 min after an induction dose of thiopental 
(20). Finally, thiopental has no analgesic properties, 
and low concentrations would be expected to have 
little (if any) effect on the MAC of desflurane (21). For 
these reasons, the differences in the induction doses 
af thiopental between the desflurane treatment 
groups would not be expected to affect the outcome 
af the MAC determinations significantly. 

A second shortcoming in our study design relates 
to the fact that fentanyl was administered as an IV 
tolus dose over 2-5 min before induction of anesthe- 
sia with thiopental. Consequently, true pharmacoki- 
netic steady-state levels of fentanyl were not present 
at the time of skin incision. Although a continuous 
fentanyl infusion has been utilized to provide con- 
stant plasma fentanyl concentrations during MAC 
studies in dogs (11,22), our study was designed to 
reflect the method in which both fentanyl and thio- 
pental would likely be used with desflurane in clinical 
practice (i.e., as IV bolus doses). Obviously, the curve 
shown in Figure 1 would be shifted to the right as the 
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time between fentanyl injection and skin incision 
increased. 

In summary, we determined the MAC of desflu- 
rane in the presence of 60% N,O in patients given an 
IV induction dose of fentanyl ranging from 0 to 
9 pe/kg. Fentanyl, 3 g/kg IV, enhances the anes- 
thetic potency of desflurane to a similar degree to that 
of isoflurane when these volatile agents are given 
with NO. Furthermore, there is a dose-effect rela- 
tionship between the amount of fentanyl adminis- 
tered at the time of induction and the decrease in the 
desflurane anesthetic requirement. 


The authors thank the staff, residents, and CRNAs in the Depart- 
ment of Anesthesiology at Washington University for their coop- 
eration during the study, as well as Dr. Matthew Bodner for his 
assistance in the preparation of the manuscript. 





References 


1. Eger El. Partition coefficients of I-653 in human blood, saline, 
and olive oil. Anesth Analg 1987;66:971-3. 


2. Rampil IJ, Zwass M, Lockhart S, et al. MAC of 1-653 in surgical 
patienzs. Anesthesiology 1989;71:A269. 


3. Eger EI, Saidman LJ, Brandstater MB. Minimum alveolar 
concentration: a standard of anesthetic potency. Anesthesiol- 
ogy 1965;26:756-63. 


4. Dixon WJ. Quantal response variable experimentation: the 
up-and-down method. In: McArthur JW, Colton T, eds. Sta- 
tistics in endocrinology. Cambridge, Mass.: MIT Press, 1970; 
251-67. 

5. Saidman LJ, Eger EI II, Munson ES, Babad AA, Muallem M. 
Minimum alveolar concentration of methoxyflurane, hal- 
othane, ether and cyclopropane in man: correlation with 
theories of anesthesia. Anesthesiology 1967;28:994-1002. 


6. Eger EI, Johnson BH. MAC of I-653 in rats, including a test of 
the effect of body temperature and anesthetic duration. Anesth 
Analg 1987;66;974-6. 


7. Doorley BM, Waters SJ, Terrell RC, Robinson JL. MAC of 1-653 
in beagle dogs and New Zealand white rabbits. Anesthesiol- 
ogy 1988;69:89-91. 

8. Eger EI, Johnson BH, Weiskopf RB, et al. MAC of I-653 and 
isoflurane in pigs: definition of a supramaximal stimulus. 
Anesta Analg 1988;67:1174-4. 


9. Saidman LJ, Eger EI. Effect of nitrous oxide and of narcotic 
premedication on the alveolar concentration of halothane 
required for anesthesia. Anesthesiology 1964;25:302-6. 


10. 5tevens WC, Dolan WM, Gibbons RT, et al. Minimum alveolar 
concentrations (MAC) of isoflurane with and without nitrous 
oxide in patients of various ages. Anesthesiology 1973;42:197— 
200. 


11. Murphy MR, Hug CC. The anesthetic potency of fentanyl in 
terms of its reduction of enflurane MAC. Anesthesiology 
1982;57:485-8. 

12. Saidman LJ, Eger EI. Effect of nitrous oxide and morphine on 
the minimum anesthetic concentration of fluroxene. Anesthe- 
siology 1964;26:134-9. 

13. Rampil IJ, Lockhart SH, Zwass MS, Eger EI. Effects of age or 
nitrous oxide on the MAC of desflurane (abstract). Anesth 
Analg 1990;70:5319. i 


FENTANYL, NITROUS OXIDE, AND DESFLURANE MAC 


14. 


15. 


16. 


17. 


18. 


Stoelting RK. The effect of nitrous oxide on the minimum 
alveolar concentration of methoxyflurane needed for anesthe- 
sia. Anesthesiology 1971;34:353-5. 

Torri G, Damia G, Fabiani ML. Effect of nitrous oxide on the 
anesthetic requirement of enflurane. Br J Anaesth 1974;46:468- 
72. 

Cole DJ, Kalichman MW, Shapiro HM. The nonlinear contri- 
bution of nitrous oxide at sub-MAC concentrations to enflu- 
rane MAC in rats. Anesth Analg 1989;68:556-62. 

Ghoneim MM, Van Hamme MJ. Pharmacokinetics of thiopen- 
tone—effects of enflurane and nitrous oxide anesthesia and 
surgery. Br J Anaesth 1978;50:1237-41. 


Hudson RJ, Stanski DR, Burch PC. Pharmacokinetics of meth- 


19. 


20. 


21. 


22. 


ANESTH ANALG 
1991;72:377-81 


381 


ohexital and thiopental in surgical patients. Anesthesiology 
1983;59:215-9. 


Price HL, Kovnat PJ, Safer JN, Conner EH, Price ML. The 
uptake of thiopental by body tissues and its relation to the 
duration of narcosis. Clin Pharmacol Ther 1959;1:16-22. 


Becker KE. Plasma levels necessary for anesthesia. Anesthesi- 
ology 1978;49:192-6. 


Dundee JW. Intravenous anaesthetic agents. Chicago: Year 
Book Medical Publiskers, 1979:7-12. 


Schwieger IM, Hall RI, Hug CC. Midazolam and fentanyl 
interaction in reducing enflurane MAC (abstract). Anesthesi- 
ology 1988;69:A559. 


382 ANESTH ANALG 
1991;72:382-91 





Historical Article 





Gardner Quincy Colton: Pioneer of Nitrous Oxide Anesthesia 
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At the fiftieth anniversary celebration of Horace 
Wells’ discovery of the anesthetic properties of ni- 
trous oxide in Philadelphia, Professor Garetson, pre- 
siding officer of the United States Dental Association, 
commented: “Had there been no Colton, there would 
have been no Wells” (1). Although this may well be 
true, Colton, for his part, claimed very little reward 
for his involvement in one of the most important 
events in the history of the speciality of anesthesia. 
His modest and humble personality has ensured that 
his varied and eventful life story is poorly known to 
anesthetists. 

Gardner Quincy Colton (Figure 1) was born in 
Georgia, Vermont, a small village on the shores of 
Lake Champlain, on February 7, 1814. His father, 
Deacon Walter Colton, a poor but deeply religious 
weaver, was descended from Quartermaster George 
Colton who had sailed from England in the early 
1600s and had settled in Springfield, Massachusetts. 
Gardner’s mother was Thankful (Cobb) Colton (2). 
Gardner, the youngest of 12 children,* 10 sons and 
two daughters, recalls: 


Being the youngest of the family, I was the last to be 
provided for.... I had to wear the mended and 
patched garments of my older brothers which were 
reduced to my size. . . . Many a time I would wake 
up in the morning and find a snow drift on my bed, 
the snow having blown through the leaky roof. I 
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think I did not have an overcoat till I was near twenty 
vears of age (3). 


At the age of 14, Gardner went to work on a farm for 
one of his brothers. His father had hoped that Gard- 
ner would attend college, but he had to give up 
because of poor eyesight (5). For 5 years he was 
apprentice to Mr. Azel Church, a chairmaker in St. 
Albans, Vermont (6). Allowed five dollars a year for 
spending money but requiring more, Gardner rang 
the church bell at six o’clock in the morning, receiving 
one dollar from each local merchant for the service 
(3). Colton’s story continues: 


After finishing my apprenticeship in 1835, I came to 
New York and commenced work as a journeyman. I 
was set to making birds’ eye-maple and scroll-top 
cane-seat chairs. After a few months’ practice, I got so 
chat I could easily make one dozen a day, for which I 
was paid $2.50 a dozen, or $15 a week. I paid $2.50 a 
week board (3). 


After working several years at chairmaking, Colton 
married Eleanor Pomeroy on November 28, 1839. 
Their only child, Ellen Kathleen, was born on Sep- 
tember 21, 1840. Sadly, Eleanor died on February 10, 
1841 (2). Colton’s older brothers then offered to help 
him through medical school if he desired. Gardner 
eagerly accepted (3). 

Colton entered the Crosby Street College of Phy- 
sicians and Surgeons in New York in 1842 (6) at the 
age of 28. He studied under Robert Watts, Jr., Pro- 
fessor of Anatomy and Physiology, and Willard 
Parker, Professor of Surgery (7) (Figure 2). However, 
after 2 vears, having taken no degree (5), he decided 
to “throw physic to the dogs” and went off to lecture 
on chemistry and natural philosophy. Nitrous oxide 
was one of the subjects on which he lectured. 

Colton had probably learned of the effects of 
nitrous oxide gas during his medical studies (5), as it 
is likely that medical students often experimented 
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Figure 1. Gardner Quincy Colton (1814-1898) from an engraving 
by George E. Perrine of New York (Yale Medical Historical Library, 
New Haven, Conn.). 
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Figure 2. Registration ledger from the Crosby Street College of 
Physicians and Surgeons (now Columbia University) for 1842 and 
1843, demonstrating Colton’s signature against his entries on line 
30 as student to Robert Watts, Jr., and Willard Parker. (Published 
with permission of the Augustus C. Long Health Sciences Library, 
Columbia University, New York, N.Y.) 


with the gas. In addition, exhibitions of the effects of 
“laughing gas” given by itinerant lecturers in the 
United States have been documented since the 1830s 
(8), when Samuel Colt, in the guise of Dr. S. Coult, 
presented a show in an attempt to fund the patent for 
his revolver. Before Colton finished his medical stud- 
ies, he gave a series of lectures on chemistry to a 
young ladies’ seminary in New York. A demonstra- 
tion of nitrous oxide was included in the experiments 
and under the gas’ exhilarating influence the young 
ladies laughed and danced (3). 
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His fellow students learned that Colton could 
make the gas and asked if he could do so for them. 
He obliged and they “had lots of fun with it in the 
anatomical lecture room” (3). One student suggested 
that Colton put on an exhibition of the gas in the 
Broadway Tabernacle in order to make some money. 
This Colton did in the spring of 1844: 


I went to Mr. Hale, proprietor of the Journal of 
Commerce, who owned the Tabernacle, laid the matter 
before him, but said that I had no money. He finally 
agreed that I might have the Tabernacle one evening 
for $50, and pay him after the exhibition. I then 
wanted $75 to get out bills and advertise. ... The 
tickets were put at twenty-five cents each, and I gave 
away a good many in order to be sure of a respectable 
show. Well, the affair came off, and my receipts were 
$535! I cleared over $400 above all my expenses (3). 


The exhibition was reported by N. P. Willis in “Diary 
of Town Trifles” in the New Mirror of April 6 (9). 
Between three and four thousand people attended 
the event. A platform in the hall was hemmed in by 
benches, and it was advertised that “twelve strong 
men” would be there to prevent injury to the spec- 
tators. After some impatience on the part of the 
audience, Dr. Colten appeared with his specimen of 
the “highest possible heaven” in an India rubber bag. 
However, a “thick necked and bony youth” got 
possession of the bag and, after inhaling its contents, 
assaulted Colton. The “twelve strong men” rushed to 
the rescue, the audience applauded, and the lad 
returned to his senses. It is reported that “A dozen 
others took their turn and were variously affected”; 
one participant even acting out a scene from Richard 
the Third! (9) 

The success of this initial exhibition spurred Col- 
ton on to further similar exhibitions throughout New 
England. Tuesday, December 10, 1844, found his 
show at Hartford, Connecticut. The now famous bill 
in the Hartford Courant advertised the event: 


A Grand Exhibition of the effects produced by inhaling 
nitrous oxide, Exhilarating or Laughing gas will be given at 
Union Hall this Tuesday evening. Forty gallons of gas will 
be prepared and administered to all in the audience who 
desire to inhale it. Twelve young men have volunteered to 
inhale the gas to commence the entertainment. Eight strong 
men are engaged to accupy the front seats to protect those 
under the influence cf the gas from injuring themselves or 
athers. This course is adopted that no apprehension of 
danger may be entertained. Probably no one will attempt to 
fight. The effect of the gas is to make those who inhale it 
either laugh, sing, dance, speak or fight according to the 
leading trait of their character. They seem to retain con- 
sciousness enough to not say or do that which they would 
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have occasion to regret. Note that the gas will be adminis- 
tered only to gentlemen of the highest respectability. The 
object is to make the entertainment in every respect a genteel 
affair (10). 


Amongst the audience that evening were two men 
whose involvement in the events of the evening were 
to be absolutely vital to the introduction of anesthe- 
sia. These were Horace Wells, a local dentist, and 
Samuel A. Cooley, a druggist’s assistant. Colton 
recalls (3): 


I gave the gas to a young man by the name of Cooley, 
and while under its exhilarating influence he began to 
dance and jump about. He ran against some wooden 
settees on the stage, and bruised his shins badly. As 
the effect of the gas passed off, he took his seat next 
to Dr. Wells, who said to him, “You must have hurt 
yourself.” Cooley began to feel some pain then, and 
was astonished to find his legs all bloody. He said he 
did not feel a particle of pain till the effects of the gas 
had passed off. While the audience were going out, 
Dr. Wells said to me “Why cannot a man have a tooth 
pulled while under the gas and not feel it?” I replied 
that I did not know. Dr. Wells said he believed it 
could be done, and would try it on himself if 1 would 
bring a bag of gas to his office. The next day I went to 
his office with a bag of gas. Dr. Wells called in Dr. 
Riggs, a neighbouring dentist, to draw his tooth. I 
gave the gas and Dr. Riggs took out the tooth. On 
recovering, and finding his tooth out, Dr. Wells 
exclaimed, “It is the greatest discovery ever made. I didn't 
feel it so much as the prick of a pin!” That was the first 
tooth ever drawn without pain (3). 


The exact details of events surrounding the episode 
recounted above vary in small amounts depending 
on the time and storyteller. For instance, Cooley, 
speaking at the 37th Congress in the United States 
Senate on February 14, 1863 (11), suggests that he 
inhaled nitrous oxide at a private sitting given by 
Colton at the Union Hall on Tuesday, December 11, 
1844, the day after Colton’s public demonstration of 
the gas. He says that it was at this meeting, attended 
by Wells, Colton’s brother Calvin, Benjamin Moul- 
ton, and others, that he bashed his shin. Cooley also 
remarks that the “tooth-pulling incident” took place 
later that same day (11). Colton, however, in a letter 
to the New York Times of 1862 entitled “The Invention 
of Anaesthesia” (12), singles out Wells as having 
taken nitrous oxide, run against a bench, and 
“bruised his leg severely.” It is also alleged (6) that 
Colton told Wells that, at an earlier exhibition of 
nitrous oxide given by him in Bridgeport, Connecti- 
cut, a young man, in striking another, had broken a 
bone in one of his hands, but had been unaware of it 
until the effects of the gas had worn off. One further 
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controversy exists and surrounds the question of who 
actually administered the nitrous oxide gas to Wells 
on the occasion of the tooth extraction. Colton clearly 
states in his writings (3,12-19) that it was he, and this 
is confirmed by Cooley (11). John M. Riggs, the 
dentist who extracted the diseased molar from Wells, 
in a letter written in 1872 (20), suggests, however, 
that: 


Wells took the bag in his lap—held the tube to his 
mouth and inhaled till insensibility relaxed the mus- 
cles of his arms—his hands fell on his breast-—his 
head dropped on the headrest.... Mr. Colton, 
Cooley and the two others stood by the open door 
ready to run out if Wells jumped up from the chair. 


He continues: 


For tne credit of Dr. Colton I can say—he made the 
gas—gave a bag of it to Dr. Wells to experiment 
with-—witnessed the operation of extracting the first 
tooth and went on his way to other cities. 


Earlier, in the same letter, having suggested that 
Colton’s “object was to make money and nothing 
else,” Riggs states that Colton knew nothing of the 
discussion Wells and Riggs had on the night of 
December 10, 1844, and their “determination to try 
the gas on Wells the next morning” (20). 

In many letters and pamphlets written later on in 
life, Cclton’s story becomes more consistent regard- 
ing the date and sequence of events (3,13-16,19). 
However, despite the earlier inconsistencies, Colton 
remainad true in his support for Wells as the discov- 
erer of anesthesia. In his pamphlet “ANAESTHESIA. 
Who made and developed this great discovery?” he 
writes about the extraction of Well’s tooth (13): “This 
was the FIRST operation performed in modern an- 
aesthesia, and was the forerunner of all the other 
anaesthetics. Beyond all question, this discovery had 
its birth in the brain of Dr. Horace Wells!” 

After the success of the tooth pulling, Colton 
taught Wells how to manufacture nitrous oxide, and, 
with the assistance of Dr. Riggs, Wells used it for 
both dentistry and surgery (11,12,21). In January 1845 
Wells went to Boston to demonstrate the use of 
nitrous oxide to the students of Harvard Medical 
School. However, the young boy receiving the ni- 
trous cxide for a dental extraction cried out during 
the procedure (16,19), and Wells was hissed out of 
the roam as a fraud. Wells returned to Hartford and 
continued to use the gas in his practice (19), but the 
introduction of ether, and Wells’ subsequent trip to 
Europe, soon ousted memories of nitrous oxide. 
Meanwhile, Colton continued his lectures on chem- 
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istry and natural philosophy and occasionally gave 
lectures on “laughing gas.” 

Over the next few years Colton became involved in 
two major scientific inventions—the telegraph and 
the electric engine. First, he became friends with 
Professor Samuel F. B. Morse, inventor of the tele- 
graph and was involved in the first telegraph mes- 
sage ever to be received in New York. In his book 
Boyhood and Manhood Recollections. The story of a busy 
life (3), Colton writes: 


About this time, Professor Samuel Morse took me 
into his office and gave me full instructions in regard 
to the construction and operation of his magnetic 
telegraph, and afterwards allowed me to announce a 
lecture on the telegraph under his “auspices,” in the 
Broadway Tabernacle. ... Professor Morse said I 
made one or two slight mistakes in my lecture, but on 
the whole he was so well pleased with it that he gave 
me... aletter of unqualified recommendation to the 
public as being able to explain his telegraph. With 
this letter I travelled and lectured all over the United 
States. 


While lecturing on the telegraph, Colton, using the 
principles of the electromagnet, conceived the idea of 
an electric engine that could be driven on a track. 
According to Mr. George Prescott, author of Dynamo- 
Electricity (1885) (22), Colton was the first man to 
apply electricity to the “propulsion of cars.” Gardner 
took his plans for the engine to a machinist named 
Lilly, who manufactured it. Attached to the engine 
were two or three passenger cars filled with dolls for 
passengers. It was one of the first motors in electric 
railroad history and figured in a patent suit involving 
Oliver Kelly, the General Electric Company, and the 
Springfield Railway Company (23). Importantly, it 
differed from other such engines because electricity 
was applied to the track rather than to the engine 
itself. The engine (Figure 3), measuring 5” x 12” x 8", 
consisted of two magnets so arranged that metal bars 
placed on the ends of the rocking arm were attracted 
as the magnets were alternately energized. A recip- 
rocal motion was imparted to the arm and then 
transmitted through a driving rod to a wheel geared 
to the driving wheels of the chassis. It ran on a 
circular railroad about 6-8 ft in diameter around 
Colton’s office in the Cooper Union, New York, and 
is now displayed, minus the passenger cars, in the 
Smithsonian Institute in Washington. 

In 1849, after his brother Walter’s appointment as 
Civil Governor of California, Gardner sailed on the 
steamer Panama around Cape Horn to join him in 
San Francisco (24). Walter, who had been Naval 
Chaplain on the USS Congress during the War with 
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Figure 3. Electric engine, invented by Colton, currently on display 
at the Smithsonian Institute, Washington, D.C. (Courtesy of the 


National Museum of American History, Smithsonian Institute, 
Washington, D.C.) The engine measures 5” x 12” x 8". 


Mexico, had already established California’s first 
newspaper The Californian, set up trial by jury, re- 
ported the discovery of gold in California to the East 
Coast states, and built California’s first schoolhouse 
(5,25). Gardner arrived in San Francisco on May 10, 
1849, and soon became caught up in the Gold Rush of 
that year. To provide an income for himself he 
practiced medicine, prospected for gold, and ferried 
miners across deep fast-flowing mountain streams 
using an India rubber boat (24). As there were no 
coins in circulation, Colton took a “pinch” of gold 
dust in exchange for the 50-cent fee for the river 
crossing. However, he soon learned that “a fellow 
with a broad thumb and big finger would ‘pinch’ $2.” 
During the rainy season it was impossible to work the 
mines, and he returned to San Francisco. In partner- 
ship with another, he opened a hospital using money 
borrowed at 10% per month interest. So successful 
was this venture that only months after the hospital 
had opened he was able to send a bank draft of 
$10,000 back to his second wife Emily in New York 
(3). 
In the late fall of 1849, despite having no legal 
background, Colton was appointed as the first Justice 
of the Peace for San Francisco by Governor Riley and 
Prefect Horace Hawes. As a result, he found himself 
in charge of the coroner’s business, all trials for 
causes under $100, and the controversial matter of 
the sale of town lots in the city. After the formation of 
the State of California in November 1849, a great deal 
of confusion existed regarding the ownership of land 
in San Francisco. However, acting under the powers 
that he believed had been granted to him, Colton 
commenced selling city lots, often at bargain prices 
(26). Believing Colton to be acting without authority, 
the Town Council took action on December 21. 
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PUBLIC 


NOTICE. 


Whereas, it has this day been made 


to appene to the Aynnismlento, that 
x L 
G. Q. COLTON, 
n Justive of te Pener, inand for the town of San Branched, lis asauiacd 
the anfhorl{y, aud pretends to exercise the right of selling grunting and 
disposing of Lots, within the Maite of mid town, Therefurs, 
Resolved, That ARCHIBALD 0. PEACHY, 
Esq. City Attorney, he dirceted to iustitute legal proevedingă against the 
said Colton, to restrain him in such egal and nnworrantnble practees, 
and to make him amenable by due procesa of law, for a misdemeanor 


and malfeasance in oflice, 

Resotced, That a copy of these Re- 
nolutions be pubibdied in the Ia California, the Pacific Ners, and in 
handbilis, to Warn all persons against treapasning upon the public proper» 


ty under pretence of tities obtained by such fraudulent means, and under 
such pretended authority, 


BY ORDER OF THE TOWY COENEIL, 
FRANK TURK, 
H. L. DODGE, E 


Becretary. 
San Francisco, Bre. UA, N40, 
CAET T aOR Tiss 


Figure 4. Public Notice from San Francisco, dated December 21, 
1849, “outlawing” the sale of land in the city by Colton. (Beineke 
Rare Book & Manuscript Library, Yale University, New Haven, 
Conn.) 


Archibald Peachey, a city attorney, was directed to 
institute legal proceedings against Colton and to 
restrain him from such “illegal and unwarrantable 
practices” (27) (Figure 4). 

The city council adopted the following resolution 
on December 24, 1849: “Resolved, that the Town Council 
hereby declares all grants of town lots made and signed by 
G. Q. Colton, Justice of the Peace, void and of no effect, the 
same having been . . . illegally made” (27). Colton re- 
plied: 


I received my commission as Justice of Peace from 
Mr. Hawes, Prefect of this district, about the first of 
November last. It was sent to Monterey and came 
back ‘approved by the Governor’ about the 15th of 
the same month, as near as I can recollect. . . . I made 
the grants, first because I believed, and still believe 
the law authorized me to make them. Second, be- 
cause I believed, and still believe it the most equitable 
mode of distributing the public lands. Third, because 
I was instructed to make them by the Prefect (27). 


Rather remarkably, Prefect Hawes then stated: “I 
never ordered Mr. Colton to make any grants of land, 
nor did I ever see his face to my recollection” (27). 
Colton contended that the cases brought against 
him were abandoned before trial (3), but confusion 
continued to reign in San Francisco for some time 
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Figure 5. Artifacts belonging to Colton. Upper right is an entry 
ticket for Er. Colton’s Readings and Recitations; lower right is an 
admission ticket to Colton’s exhibition of Rembrandt Peale’s cele- 
brated picture “The Court of Death,” displayed by Colton at his 
shows in the 1840s; upper left is an address label for the Colton 
Dental Association; lower left is an admission ticket for Colton’s 
Experiments and Lectures. (Courtesy of Mrs. R. Butler.) 


afterward over the ownership of land titles known 
thereafter as the “Colton Grants” (28). Colton left 
California a rich man (5,29), and the record is blurred 
as to whether he ever made any accounts of the 
proceeds of lands sold by him. 

After arriving home, Colton “floated about several 
years doing little or nothing.” He spent one winter in 
Boston, writing paragraphs and reporting sermons 
for the Boston Transcript. Many authors have sug- 
gested that in his wanderings from town to town, 
Colton began to compile and publish a series of war 
maps that bear his name (1,5,29,30). However, in his 
copious writings, Colton never mentions this, and it 
is more likely that they were produced by a very 
distant relative, Joseph Hutchings Colton, who was 
world-renowned for the manufacture of maps, at- 
lases, and school biographies (2). 

About this time, Gardner invested much of his 
money in the ill-fated Salt Works of Syracuse. Having 
rapidly lost his investment, he resumed his lectures 
and laughing gas exhibitions (Figure 5), After Wells’ 
death, the use of nitrous oxide for all anesthetic 
purposes had ceased; Colton was solely responsible 
for its reintroduction. Again, the exact details relating 
to events at this time are a little blurred. In one of his 
writings Colton comments that he was persuaded to 
administer nitrous oxide for dental surgery to a lady - 
in New Britain, Connecticut, in the summer of 1862 
(16). It is reputed that when Colton returned to New 
Britain in 1863, he found that the local dentist, later 
identified as Dr. R. C. Dunham (31), had subse- 
quently administered the gas to more than 600 pa- 
tients (16). Colton states that he and Dunham then 
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joined forces with another dentist, one Joseph H. 
Smith of New Haven, Connecticut, for 3 weeks in the 
summer of 1863 (16,32). In Colton’s other writings his 
story is somewhat different (3,13,14,17,19). These 
other versions allege, for example, that in June 1863 
Colton visited New Haven, Connecticut, for another 
of his exhibitions. He invited a number of gentlemen 
to attend a private preliminary entertainment at 
which he gave a history of the discovery of anesthe- 
sia, stating also that he had never been able to 
encourage a dentist to try the gas. A local dentist, 
Joseph H. Smith of Olive Street, New Haven, who 
was present, agreed to try the gas provided Colton 
administered it. The next day they extracted seven 
teeth from a well-known wealthy lady using nitrous 
oxide as the anesthetic. After the successful extrac- 
tions the woman said, “Don’t go, doctor; I want to 
give you my blessing!” She indicated that Colton 
could mention her name to his audience and state the 
fact that she had had seven teeth drawn, while under 
the gas, without any pain or unpleasant effects. 

Colton then abandoned the “Exhibition” business 
and agreed on a partnership with Smith. Colton 
would provide and administer nitrous oxide for 1 
week and Smith would extract the teeth. They were 
so successful that they continued for 23 days, during 
which time they extracted “a little over 3,000 teeth!” 
(17). Colton, ever an entrepreneur, writes: 


Thinks I, this is a better business than lecturing, 
sometimes to a “beggarly account of empty boxes.” 
... Tat once determined to go to New York and 
establish an institution devoted exclusively to the 
extraction of teeth with the gas. The gas had laid dead 
and forgotten as an anaesthetic for seventeen 
years... when I revived it.... The world is in- 
debted to me for the gas. . . . I opened my office in 
the Cooper Institute in July 1863, and called my 
institution “The Colton Dental Association” as my 
name had been so long identified with the gas (3). 


By November 1863 Colton had associated himself 
with two eminent New York City dentists, Dr. John 
Allen and his son William, and they began to devote 
their time exclusively to the use of nitrous oxide for 
the extraction of teeth at the Colton Dental Associa- 
tion. The dental and medical professions declared, 
however, that the gas had been used years before 
without much success, and thus, initially, Colton and 
his colleagues were the target of ridicule, sarcasm, 
and misrepresentation. Month after month, their 
expenses exceeded their receipts and during the first 
year it is alleged that Colton spent $8000 in advertis- 
ing, advocating, and defending, “his invention” (6). 
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Gradually, business and support increased and 
over the next few years nearly all the leading dentists 
of New York sent patients requiring an anesthetic to 
Colton. According to The New York Times, his office 
was known to “seven out of every ten New Yorkers 
who had ever lost their sleep from troublesome 
grinders” (1). From the commencement of records on 
February 4, 1864, until 1897, more than 193,800 
patients were recorded as having had nitrous oxide at 
the Colton Dental Association (Figure 6). The pa- 
tients’ ages ranged from 3 to 90 years, and there were 
apparently no fatalities (3). Colton claimed to use 
about 300 gallons a day at this time (14). In 1865 
Colton used nitrous oxide during three surgical op- 
erations—a mastectomy and two limb amputations— 
performed by J. M. Carnochan (33). 

Despite Colton’s background in medicine and 
chemistry, and his unrivaled expertise in the admin- 
istration of nitrous oxide, he remained unaware of 
the true chemical and physiological effects of the gas. 
This can be seen from his writings: 


It is composed of precisely the same elements— 
oxygen and nitragen—as the common air, only the 
proportions are different. , . . In this gas there is half - 
oxygen and half nitrogen, or by volume, one of 
oxygen to two of nitrogen. Oxygen is the life-giving 
principle of the air, and in the gas we have more of it; a 
person lives a little faster while under its influ- 
ence. .. . The laughing gas . . . [in contrast to chlo- 
roform and ether]... acts as an exhilarant, as by 
supplying an extra supply of oxygen to the lungs, the 
pulse is increased 15 to 20 beats to the minute (13). 


Many critics contended that nitrous oxide produced 
insensibility from asphyxia, not anesthesia (34,35). In 
response to such criticism, Colton wrote: 


Dr. Foster says: “That it [nitrous oxide] cannot sup- 
port respiration or life but a few moments, is seen in 
that frightful gasping of the patient, growing deeper 
and faster, as he dies for want of air.’ These symptoms 
never attend the operation where the quantity breathed from 
is large enough (36). 


and: 


Dr. Richardson has probably only seen the gas given 
for exhilaration, where a two or three gallon bag was 
used. Now if anaesthesia is attempted by the use of 
such a bag, the very result which Dr. Richardson describes 
will follow. The oxygen—all that sustains life—will be 
absorbed before anaesthesia is produced. Nothing 
but nitrogen and carbonic acid remains in the bag, 
and these, if breathed, will produce asphyxia and 
insensibility. But let a bag of eight gallons of gas be 
used, and anaesthesia is reached before the oxygen is 
absorbed, and no such ill effects attend the operation 
(14). aig 
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Figure 6. Advertisement announcing the work of Colton’s Dental 
Association in the Cooper Institute, New York, N.Y. (Courtesy of 
the New York Academy of Medicine Library, New York, N.Y.) 
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SMITH AND HIRSCH 


Indeed, 50 convinced was Colton of the beneficial 
effects of nitrous oxide that he repeatedly inhaled the 
gas himself (36,37) and also-advocated its use ‘as 
resuscitative therapy in asphyxia! (38). In an interest- 
ing insight into Colton’s own method of administer- 
ing the gas and, presumably, into the reason for its 
safety in his hands despite his ignorance of its chem- 
ical composition, Colton remarks on the removal of a 
“piece of bone from the leg six inches in length” from 
a boy of 11 years kept in a profound sleep for 3 
minutes by alternating the inhalation of nitrous oxide 
with air (38). 

Writing in March 1864, in an attempt to defend the 
safety of nitrous oxide, Colton critically evaluated 
three deaths that had been attributed to the use of the 
gas (38). None were connected with Colton’s own 
practice. He ascertained that one, Mr. Sears of New 
York, had died of pulmonary congestion; Miss Bell of 
Swanton, Vermont, had contracted meningitis; and a 
lady in Allentown, Pennsylvania, had been anesthe- 
tized with chloroform and not nitrous oxide! By 1896, 
he was still able to state: “I doubt if there has ever 
been a well authenticated case of death caused by the 
gas, or a death in which there was not some other 
cause sufficient to produce the result” (37). 

For 20 years Colton manufactured his own nitrous 
oxide using a primitive apparatus that he had designed 
soon after commencing using the gas as an anesthetic: 


Mr. A. W. Sprague of Boston, Mass., invented an 
apparatus which I now use in my office and find it 
altogether the best I have ever seen. . . . First. The 
beginner can hardly fail to make pure gas with it, 
provided he has pure nitrate of ammonia. Second. 
After being started, and the ammonia melted, it 
requires no watching, or even attendance. . . . Third. 
The passage of the gas through the four washing 
glass jars controls a “regulator,” through which the 
common coal-gas passes to the burner under the 
retort, so that one uniform degree of heat is applied to the 
retort, thus preventing the possibility of too great 
heat. Fourth. The glass tubes in each jar are so made 
as to -reak up the nitrous oxides into very minute 
bubbles in its passage, and thus thoroughly wash it 
before it reaches the gasometer. . . . Thirty gallons of 
gas can be made in an hour with it (14). 


In the spring of 1867, Colton visited Paris to attend 
the Universal Exhibition and First International Con- 
gress of Medicine. A fellow American, Thomas Wilt- 
berger Evans, was United States Commissioner to the 
Exhibition. In his report on the dental exhibits, Evans 
wrote: 


I have observed in the United States Collection in the 
Exposition . . . an apparatus for the production and 
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administration of nitrous oxyde gas, exhibited by Dr. 
J. Q. Colton of New York. It is but just to observe that 
through the efforts and researches of Dr. Colton, the 
attention of surgeons has already been directed to the 
protoxyde of azote or nitrous oxyde gas.... Dr. 
Colton has reestablished by thousands of experi- 
ments the superiority of the protoxyde of nitrogen 
gas over other anaesthetics in Dental Surgery. ... 
The gas has recently been employed with success in 
Paris under my own direction, in the gravest surgical 
operations (39). 


On March 30, 1867, Evans visited London and, 
using Sprague’s apparatus, gave demonstrations of 
nitrous oxide at the Dental Hospital and at 
Moorfield’s Eye Hospital. The demonstrations were 
observed with interest but had a mixed reception in 
the Lancet and the British Medical Journal (40,41). 
Convinced of the utility of nitrous oxide, Evans 
offered the Dental Hospital £100 to be used for the 
purchase of apparatus and materials to manufacture 
the gas. The Odontological Society of Great Britain 
responded by forming a committee to investigate the 
anesthetic properties of nitrous oxide (42). 

Colton, having returned to Paris from his trip around 
Europe, then traveled to London and on Friday June 5, 
addressed a meeting of medical and dental practitioners 
at the house of Mr. C. J. Fox, a dental practitioner (43). 
He then administered the gas to four patients with 
complete success and repeated his address 5 days later. 
Later, Fox went on to champion the cause of nitrous 
oxide in England. Colton returned home in 1868 and 
opened dental offices in St. Louis, Chicago, Brooklyn, 
Cincinnati, Boston, Baltimore, and Philadelphia, all of 
which operated simultaneously. Apparently, Colton 
did no extractions himself but hired competent dentists 
as associates (44). 

From his first meeting with Wells, Colton contin- 
ued to support Wells’ claim to be the discoverer of 
anesthesia. In Colton’s own words: 


If I am remembered at all by posterity, it will be on 
account of my connection with the discovery of anaes- 
thesia. I do not claim that the discovery originated in 
my mind, only that I was the occasion of the discovery, 
and that I gave the nitrous oxide gas for the first surgical 
operation where pain was destroyed (45). 


Colton’s determination that Wells should receive 
recognition for his discovery was reiterated at the 
50th anniversary celebrations held on December 10, 
1894, at a banquet at Habenstein’s Cafe in Hartford 
under the auspices of the Connecticut State Dental 
Association (32). At the meeting, during which a 
tablet was unveiled in memory of Horace Wells, 
Colton retold the story of the discovery. At the 
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Figure 7. Letterhead of the “Associated Pioneers of the Territorial 
Days of California” indicating Colton as president of the Society in 
1896. This letter was almost certainly the last written by Colton to 
his daughter Ellen. (Courtesy of Mrs. R. Butler.) 


beginning of the meeting, an apology for absence was 
received from Samuel Cooley, the druggist’s assistant 
who had banged his shin 50 years before and started 
the whole story of nitrous oxide. 

Colton continued to practice dental anesthesia until, 
4 years later, in 1898, he died while visiting Europe. In 
keeping with the confusion regarding the dates and 
events surrounding the introduction of nitrous oxide 
anesthesia, uncertainties have occurred in relation to 
Colton’s death and his subsequent resting place. His 
obituaries (Figure 8) state that he died in Rotterdam 


(1,5,29,46) on August 9 (5,46) or August 12, 1898 (29). 


However, the Colton family records show that he died 
on August 10, 1898, in Geneva, Switzerland (personal 
communication, Mrs. R. Butler, Colton’s great-grand- 
daughter). Colton’s body was returned to the United 
States where it was cremated and his ashes buried in 
the Aurora Hill plot of Woodlawn Cemetery in The 
Bronx, New York City (47) (Figure 9). To add further 
confusion, the interment register at Woodlawn indi- 
cates that Colton died in Germany (47). 

Gardner Quincy Colton’s life was varied in its 
extreme. To the activities already described one can 
add his interests in geology, circuses (he was a good 
friend of P. T. Barnum), and death. He was a devout 
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GARDNER Q.-COLTON DEAD 


The Dentist Responsible for the Dis- 
covery of Anaesthesia Passes 
Away in Europe. 








RECORD FOR PULLING TEETH 


Estimated that Nearly a Million Teeth 
Were Removed by Himself or His 
Assistants — Recognition for 
Dr. Horace Wella. 
Figure 8. Announcement of Colton’s death in The New York Times 
of Friday, August 12, 1898. (Copyright © 1898 by The New York 
Times Company. Reprinted by permission.) 








Figure 9. Colton’s gravestone in the Aurora Hill plot of Woodlawn 
Cemetery, The Bronx, New York, N.Y. 


Christian and a prolific author of many pamphlets, 
books, and letters on varied topics. However, with- 
out doubt, his great legacy to humanity has been the 
gift of nitrous oxide anesthesia. Without Colton, it is 
unclear if this agent would ever have found the 
position in modern anesthesia that it now holds. 
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Blind Nasal Intubation With Audio-Capnometry 
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Nasotracheal intubation is performed electively for 
intraoral operations when anatomic abnormalities or 
disease of the upper airway make direct laryngoscopy 
difficult or impossible and, occasionally, when long- 
term mechanical intubation of the lungs is antici- 
pated. Fiberoptic or blind nasotracheal intubation is 
usually reserved for situations in which direct laryn- 
goscopy would be impossible or induction of anes- 
thesia before neuromuscular blockade would be haz- 
ardous. The flexible fiberoptic bronchoscope may not 
be available, and success may be limited under emer- 
gency conditions owing to blood and secretions blur- 
ring the field. In these clinical situations, awake blind 
nasotracheal intubation may be the technique of choice. 

To ensure maximum patient comfort and nasal 
patency and to minimize the chances of epistaxis 
associated with nasotracheal intubation, the nasal 
mucosa is anesthetized and constricted with topical 
cocaine. If cocaine is not available, vasoconstriction 
may be produced by topical phenylephrine (Neosyn- 
ephrine). The endotracheal tube is passed through 
the nares into the oropharynx and advanced toward 
the glottic opening as long as breath sounds are 
maximal as detected by listening to exhaled air pass- 
ing from the proximal end of the tube. This requires 
the intubator to keep an ear close to the tube connec- 
tor to detect changes in breath sounds readily. Alter- 
nate techniques utilized in enhancing success with 
blind nasal intubation include observation of conden- 
sation in the endotracheal tube (1), inflation of the 
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cuff (2), use of a suction catheter (3), attaching a 
microphone to the end of the endotracheal tube to 
magnify breath sound (4), and guiding the endotra- 
cheal tute by observation of the carbon dioxide (CO) 
waveform on a capnograph (5). Disadvantages of 
these methods include difficulty in hearing breath 
sounds and in observing condensation and exposure 
of the irtubator to contamination with body secre- 
tions (especially occurring when the tube is passed 
into the glottis with an explosive cough). The need to 
look up at the CO, waveform may be a distraction at 
a time when concentration is most needed. Never- 
theless, measurement of end-tidal CO, is the most 
reliable method for confirmation of endotracheal tube 
placement, and the use of audio-capnometry to guide 
the endotracheal tube eliminates the need to look up. 
This is based on the logical postulate that the concen- 
tration oz CO, in the oropharynx is maximal over the 
glottis during expiration. Several blind nasotracheal 
intubaticns have been performed using an audio- 
capnometry intubation device, and the case report 
presented below describes our experience with this 
device. 


Case Report 


The aud:o-capnometry intubation device (Figure 1), 
which has not previously been described, was devel- 
oped at Duke University Hospital. It consists of a 
Puritan Bennett Datex CO, monitor coupled to a 
voltage-controlled oscillator with a speaker. This 
yields an audible tone with a pitch that varies linearly 
with the concentration of CO,. The Datex monitor 
was used as it has the least time lag compared with 
the Ohmeda and Novometrix CO, monitors. Detec- 
tion of small changes in the concentration of CO, is 
facilitated by the use of an endotracheal tube with a 
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Figure 1. Audio-capnometry intubation device. It consists of a 
Puritan Bennett Datex CO, monitor coupled to a voltage-controlled 
oscillator with a speaker. 


gas sampling port at the tip as with the Portex Blue 
line tracheal tube for gas monitoring (Concord/ 
Portex, Keene, N.H., Ref: 100198/080). 

A 62-yr-old white woman after coronary artery 
bypass surgery developed increasing respiratory dis- 
tress while in the acute care unit. Arterial blood gas 
tensions with an Fro, of 0.5 by face mask were pH 
7.24, Po, 62 mm Hg, Pco, 51 mm Hg, and Sao, 
86.4%. Respiratory rate was 40 breaths/min and heart 
rate was 90 beats/min. There were occasional prema- 
ture ventricular complexes recorded on the electro- 
cardiogram. Because of incipient respiratory failure, 
mechanical ventilation via an endotracheal tube was 
indicated, and an awake nasal intubation was 
planned. Oxygen (100%) was then administered by 
face mask, which resulted in an oxygen saturation by 
pulse oximeter of 97%. After topicalization of the 
nasal mucosa with Cetacaine, a well-lubricated 
8.0-mm Portex Blue Line Gas monitoring tracheal 
tube (Ref: 100198/080) with the CO, sampling port 
attached to the audible capnograph was inserted in 
the left nostril. The audio-capnometry intubation 
device was turned on, and as the tube was advanced, 
changes in pitch were heard in synchrony with the 
patient’s respirations. The pitch suddenly decreased, 
and the patient was then noted to have bradycardia. 
Oxygen saturation was 95%. The endotracheal tube 
was withdrawn by a few centimeters. The heart rate 
returned to normal and the tube was readvanced 
while listening to the pitch of the sound. As the tube 
was advanced to the 25-cm mark, an oscillating high 
pitch was constantly heard despite difficulty in hear- 
ing air movement out of the endotracheal tube. The 
cuff was inflated and verification of tube placement 
was confirmed by visual CO, monitor, the presence 
of bilateral breath sounds, and ultimately, by chest 
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x-ray. Vital signs were stable with oxygen saturation 
of 99%. Time for intubation was less than 3 min. 


Discussion 


The above case report illustrates the usefulness of 
audio-capnometry to guide blind nasotracheal intu- 
bation. Hearing a high pitch assures the user that the 
endotracheal tube is within the vicinity of the glottis. 
A sudden decrease in the pitch alerts the user that the 
endotracheal tube is being misdirected away from the 
glottis and allows for immediate correction. In the 
case report the decrease in pitch preceded the signs of 
vagal stimulation and prevented esophageal intuba- 
tion. The audio-capnometry intubation device allows 
the user another method of guiding the endotracheal 
tube in blind nasal intubations without sole reliance 
on breath sounds. 

The user can concentrate on the procedure with 
minimal risks of contamination by body secretions. It 
confirms immediately appropriate placement of the 
endotracheal tube. Secretions and blood interfere less 
with this technique than with fiberoptic bronchos- 
copy. Furthermore, oxygen can be provided through 
the nasotracheal tube during the procedure, whereas 
in the fiberoptic scope, oxygen is provided through 
the suction port. Conceivably, it could be adapted 
with fiberoptic bronchoscopy or could be used during 
anesthesia as a substitute for visual waveforms. 

A potential problem in the design of the Portex 
tube is that excessive secretions may be suctioned 
into the CO, monitoring line, plugging it and causing 
a falsely low CO, tone to be emitted, thus necessitat- 
ing verification of tube placement by another 
method. Furthermore, the device needs to be im- 
proved to increase its sensitivity to small changes in 
CO, concentration. Despite these limitations, audio- 
capnometry offers a distinct advantage during the 
performance of blind nasotracheal intubation. The 
device required is simple and easily assembled. 
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The acute onset of pain in lower extremity amputa- 
tion stumps precipitated by spinal anesthesia has 
been reported (1-3). In this clinical report, a case of 
spontaneous onset of pain associated with epidural 
anesthesia in a 22-yr-old woman with a lower extrem- 
ity amputation is described and a possible explana- 
tion for this phenomenon is proposed. 


Case Report 


A 22-yr-old woman was scheduled for split-thickness 
skin grafting of the stump and revision of the stump 
under epidural anesthesia 1 mo after a traumatic 
amputation of the right leg just below the knee. A 
similar procedure had been performed uneventfully 
2 wk previously. Intravenous hydration with a 
Ringer’s lactate solution was started after the blood 
pressure was measured using a sphygmomano- 
meter. The electrocardiogram was continuously mon- 
itored. 

With the patient lying on the left side and after the 
epidural space was identified using the loss-of- 
resistance technique with liquid, a catheter (Perifix 
G18, Braun, Helsungen, Germany) was inserted at 
the L3-4 interspace for a distance of 3 cm without 
encountering any significant resistance. There were 
no paresthesias. Two milliliters of 2% mepivacaine 
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with epinephrine 1:200,000 was then injected 
through the catheter. After 3 min, an additional 
14 mL of the same solution was administered after 
checking for signs or symptoms that might suggest 
either intravascular or subarachnoid injection. 

As the anesthetic began to take effect, the patient 
complained of the acute onset of pain. The pain was 
located on the inferior aspect of the stump; it had a 
throbbing quality and was likened to a warm contin- 
uous electrical current. This pain was not present 
before the epidural anesthesia had begun to take 
effect and was not precipitated nor intensified by 
touching or manipulating the limb. The anesthesia 
eventually reached a level of L-2 with a Bromage level 
1 cf muscle paralysis (4). 

In the belief that the anesthesia was pharmacolog- 
ically incomplete, an additional dose of 10 mL of 
1% lidocaine was injected through the catheter. The 
pain subsided after a few minutes, and the operation 
was carried out as planned with excellent anesthesia 
during the operation. Conversation during the oper- 
ation with the patient revealed that she had experi- 
enced the same pain 2 wk before as the epidural 
anesthesia wore off. A 500-mg Naprosyn (naproxen) 
suppository had been given but this had had no effect 
on the pain. 

At the conclusion of the present operation, which 
lasted 2.5 h, the patient experienced exactly the same 
pain as the anesthetic effect of the epidural began to 
wear off. Transcutaneous electrical nerve stimulation 
(Neuromod Dual-Channel, Medtronic, Del-Mar, 
Calif.) was used paravertebrally (L3-5) on the right 
side for a period of 30 min resulting in a definite 
regression of the pain, although it did not eliminate 
the pain completely. 

Three and a half hours after the acute onset, the 
pain had totally worn off although she continued to 
feel a smarting pain above the right knee in the area 
where the skin graft had been taken. The stump pain 
did not recur. 
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Discussion 


The appearance of spontaneous pain after nerve 
lesions is a well-known phenomenon that has been 
reported several times (5,6). A possible explanation 
can be found in the gate-control theory of Melzack 
and Wall (5). The gate-control theory is based on 
three suppositions. First, afferent nerve fibers are 
composed of two subtypes, large- and small-diameter 
fibers with low and high thresholds, respectively, for 
external stimulation. Second, these two subtypes 
converge in the substantia gelatinosa of the dorsal 
horn where the large-diameter fibers inhibit the 
transmission of impulses of the small-diameter fibers 
to the central (pain) pathways. This inhibition is 
primarily presynaptic and is only counteracted by 
a disproportionate level of small-diameter fiber 
activity (nociception) that can lead to the perception 
of pain. This interaction is called the gate-control 
system. Finally, the site of the spinal gating mecha- 
nism is influenced by the descending central path- 
ways from the brain. In this way, it is possible that 
certain types of central nervous system activity 
can exert control over pain perception. Cells in the 
gray matter around the aqueduct in the mesenceph- 
alon are important transmission stations in this ac- 
tion. 

An explanation for the occurrence of spontaneous 
pain in cases similar to this one is given by Melzack in 
his article on summation mechanisms (6). The open 
gate produced by the predominantly small-diameter 
fiber input caused, for example, by a major loss of 
large peripheral nerve fibers, would provide the 
conditions for spatial and temporal summation of 
afferent impulses. In the absence of inhibitory control 
after the initial central transmission cell discharge, 
successive stimuli would produce a more intense and 
prolonged barrage of nerve impulses. These mecha- 
nisms may account for the fact that nonnoxious 
stimuli can trigger severe pain, as seen in patients 
suffering from phantom limb pain, causalgia, and 
ceriain neuralgias. 

Spontaneous pain, which occurs in the absence of 
any obvious stimulation, can also be explained in 
terms of summation mechanisms. The spontaneous 
activity generated by the remaining small-diameter 
fibers after a nerve lesion would have the effect of 
keeping the gate open. Low-level, random, ongoing 
activity would then be transmitted relatively un- 
checked and the summation of these impulses would 
produce spontaneous pain. Thus, where there is only 
spontaneous activity generated by the small-diameter 
fibers, the gate will be temporarily opened or kept 
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open and this can, by the summation of impulses, 
produce pain. 

Another important observation is that during the 
onset of epidural anesthesia, transmission of im- 
pulses by nerve fibers in the epidural space is still 
possible not only in the large-diameter fibers but also 
in the small-diameter fibers (7,8). Sprotte described 
this possibility by noting that the cold reflex with its 
afferent transmission of impulses through weakly 
myelinated A &fibers and its efferent transmission 
through nonmyelinated C fibers is not always 
blocked before voluntary somatic motor function (7). 
This is true in both epidural anesthesia and periph- 
eral nerve blocks. Pain fibers, which are myelinated 
A &fibers and C fibers, are morphologically identical 
to the nerve fibers making up the afferent and ef- 
ferent pathways, respectively, of the cold reflex. 
There is no morphologic support for differential sen- 
sitivity of pain fibers so that there is always the 
possibility of perception of pain and conduction of 
pain impulses during the onset of epidural anesthe- 
sia. An important corollary to this is that the blockade 
of transmission of impulses along nerve fibers by 
local anesthesia may not be equated with loss of 
perception. ` 

Another observation that points to the possibility 
of continued transmission of impulses by small- 
diameter fibers under these circumstances appears in 
a paper by Gissen et al. (8). In that paper, it was 
suggested that by manipulating factors such as the 
type and concentration of local anesthetic and the 
duration of nerve exposure to the local anesthetic in 
isolated nerve experiments, it is possible to have A, 
B, or C fibers more profoundly and more rapidly 
blocked than other fibers. This capacity for differen- 
tial blockade may result in differing effects on sensory 
and motor functions. This line of reasoning suggests 
that, during the onset and regression of epidural 
anesthesia, it is possible there may still be spontane- 
ous activity generated by small-diameter afferent fi- 
bers coming from an area where a peripheral nerve 
has been injured when the large-diameter fibers from 
the same area are already blocked. In this way, the 
gate will be opened and spontaneous pain will be 
perceived. When the blockade is complete, the gate 
will be closed because the small-diameter fibers are 
also blocked. After the blockade has totally worn off, 
the gate will again be closed because the large- 
diameter fibers will inhibit the transmission of im- 
pulses from the small-diameter fibers to the central 
ascending pathways. 

The favorable influence of transcutaneous electri- 
cal nerve stimulation on the pain experienced by our 
patient is also explicable in terms of the gate-control 
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theory (9). The large myelinated A fibers have a lower 
threshold for electrical stimulation than the smaller 
unmyelinated C fibers and the A &-fibers. Stimulation 
of the large myelinated A fibers with transcutaneous 
electrical nerve stimulation, therefore, inhibits the 
transmission of pain impulses carried by the smaller 
A &fibers and C fibers. This inhibition takes place at 
the level of the spinal cord in the substantia gelati- 
nosa of the dorsal horn and in the higher central 
nervous system. When the large-diameter fibers are 
partially blocked, the influence of transcutaneous 
electrical nerve stimulation might be less evident. 

In summary, patients with peripheral nerve dam- 
age can perceive acute pain during the onset and 
regression of epidural anesthesia. An explanation can 
te found in the gate-control and summation theory of 
Melzack and Wall and in the concept of differential 
block. 
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Various events occurring during otherwise unevent- 
ful general anesthesia can result in tachycardia and 
hypertension. We report a case in which such a 
response resulted from the patient’s self-adminis- 
tered premedication. 


Case Report 


A 27-yr-old man presented electively for closure of a 
colostomy that had been performed 3 mo earlier after 
a gunshot wound to the abdomen. He admitted to 
previous intravenous cocaine use but denied any 
such injection since his injury. Physical examination 
and laboratory values were within normal limits 
except for old “track marks” in both antecubital 
fossae and a hematocrit of 31%. 

Before transport to the operating room, an intra- 
venous infusion of 5% dextrose in lactated Ringer's 
solution was started and 75 mg meperidine and 
75 mg hydroxyzine were injected intramuscularly. 
The patient appeared calm on arrival in the operating 
room with a blood pressure (BP) of 128/78 mm Hg 
and a heart rate (HR) of 92 beats/min. After place- 
ment of the required monitors, anesthesia was in- 
duced with 5 mg midazolam in divided doses, 50 ug 
fentanyl, and 400 mg (5 mg/kg) thiamylal. Orotra- 
cheal intubation was performed easily after injection 
of succinylcholine, and tube position was confirmed 
by auscultation and capnography. Anesthesia was 
continued with 60%/40% nitrous oxide/oxygen and 
isoflurane (1-2 vol%); vecuronium was used for mus- 
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cle relaxation. Twenty minutes after induction, HR 
began to increase steadily with maintained regular 
sinus rhythm. The pupils were midsize. Although 
the depth of anesthesia seemed adequate, 50 yg 
fentanyl was injected and the concentration of iso- 
flurane increased but without improvement. An ar- 
terial blood sample revealed no noteworthy decline in 
hematocrit (28%) and no acid-base imbalance (base 
deficit 2.1). The temperature was 36°C. Review of the 
hospital chart confirmed normal thyroid function 
tests. At this time, 20 min after the beginning of 
tachycardia, BP started to increase as well. The Foley 
catheter showed adequate drainage and palpation of 
the urinary bladder by the surgeon revealed no 
overdistention. Fiberoptic examination ruled out irri- 
tation of the carina by the tip of the endotracheal 
tube. Heart rate remained at 132 beats/min, but BP 
increased to 160/100 mm Hg. Unknown drug intake 
became suspect. Three intravenous doses of 10 mg 
labetalol were administered. Heart rate decreased to 
94 beats/min and BP to 130/86 mm Hg. At the com- 
pletion of surgery, muscle relaxation was not re- 
versed. The endotracheal tube was removed 4.5 h 
after insertion with the patient breathing well at 
24 breaths/min, BP 130/90 mm Hg, and HR 100 
beats/min. During the postanesthetic visit 24 h later, 
the patient reluctantly admitted to having injected 
two “speedballs’” into the intravenous infusion 
shortly before being transported to the operating 
room. 


Discussion 


Speedball is a street name for heroin laced with 
cocaine. It combines the initial high “kick” of cocaine 
with the subsequent euphoric sleep “rush” of heroin. 
The relatively pure drug mixture may be “cut” with 
various substances, such as sugars, local anesthetics, 
caffeine, amphetamines, phencyclidine, and quinine. 
Cocaine is an alkaloid stimulant and local anesthetic 
extracted from the leaves of the coca plant present as 
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a hydrochloric salt. Heroin is a semisynthetic opioid 
analgesic extracted from the seeds of the poppy 
plant. The mixture is a fine white powder that is most 
frequently injected, although it is readily absorbed by 
any route (1,2). Cocaine onset occurs in approxi- 
mately 11 min and has an elimination half-life of 78 
min (3). The reuptake of norepinephrine and dopa- 
mine is blocked at the nerve terminals, causing excess 
catecholamines to accumulate at postsynaptic recep- 
tor sites. This results in intense sympathetic stimula- 
tion, both centrally and peripherally. Characteristic 
signs and symptoms of acute cocaine toxicity include 
restlessness, nausea and vomiting, mydriasis, in- 
creased HR, and hypertension (4). MACgar (5), the 
concentration of potent inhalation anesthetics needed 
to blunt a hyperdynamic cardiovascular response, is 
also increased. With chronic high-dose intake of the 
substance, irregular breathing, chest pain, cardiac 
dysrhythmias, and hypotension develop (4). Heroin 
works centrally on opioid receptors as a p,-agonist. 
Signs of heroin onset are masked by cocaine but, by 
1.5 h after injection, respiratory depression, de- 
creased HR, decreased MAC, and miosis supervene 
(2). Duration of action is approximately 3-4 h. If 
general anesthesia is discontinued before 4 h, the 
patient may be stuporous. Naloxone is contraindi- 
cated as it may precipitate acute narcotic withdrawal 
and induce pulmonary edema and ventricular dys- 
rhythmias in the presence of residual cocaine (6). 
Rather, the patient should be allowed to awaken 
slowly, employing mechanical ventilation as long as 
necessary. 

Treatment of acute cocaine toxicity depends on the 
severity of the symptoms. Mild cardiovascular reac- 
tions require only supportive care. Hypertension and 
dysrhythmias may be treated with B-blockers (pro- 
pranolol, labetalol, esmolol) or with calcium channel 
blockers. Labetalol is preferred in the presence of 
hypertension because propranolol is associated with 
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a-adrenergic stimulation. The calcium moderator ni- 
trendipine (7) appears to have general protective 
effects against cocaine cardiac toxicity and may be the 
optimal therapy for ventricular dysrhythmias. 

In conclusion, anesthesiologists must recognize 
the possibility of preoperative self-administration of 
illicit substances by anxious drug-dependent patients 
and must include this possibility in the differential 
diagnosis of unexplained intraoperative tachycardia 
and hypertension. The use of infusion tubing without 
injection ports until arrival in the operating room may 
help prevent intravenous administration. However, 
it has been our experience that patients will find 
ingenious ways to obtain and take these substances. 
The anesthesiologist must therefore maintain a high 
index of suspicion in order to make the proper 
diagnosis. 
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Lumbar epidural analgesia (LEA) for pain relief in 
labor and delivery is still considered to reduce expul- 
sion forces, thereby prolonging the second stage of 
labor and increasing the number of instrumental 
deliveries (1-4). 

The second stage of labor has been regarded as a 
time of particular risk for the development of fetal 
hypoxia, as reflected by the progressive deterioration 
in acid-base status of the fetus during the expulsion 
phase (5). The duration of the second stage of labor 
also adversely affects the neonatal acid-base balance 
(6,7). Kalinkov et al. (8) found that expulsion phases 
lasting more than 20-30 min produce metabolic aci- 
dosis due to production of lactate during maternal 
straining. Labor with a second stage lasting longer 
than 120 min is associated with increased perinatal 
mortality (9-11). 

All the above is of special concern in breech 
deliveries to such an extent that some obstetricians 
hesitate and even refuse to use LEA for breech 
deliveries (12-15). 

In an earlier study, we demonstrated in 877 single- 
ton vertex deliveries that an LEA technique using 
0.125% bupivacaine plus epinephrine 1:800,000 led to 
a mean expulsion time of 6.80 + 0.15 min (16). 

In our institution, vaginal breech deliveries are 
considered by the obstetricians as a strong indication 
for LEA. In this survey, we studied the duration of 
the second stage, the expulsion times (ETs), the 
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instrumental delivery rate, and the condition of the 
newborns in 165 breech presentations receiving LEA 
using the same low dose-low concentration bupiv- 
acaine technique. 


Materials and Methods 


We examined anesthesia and obstetrical charts of 
15,145 deliveries for a 10-yr period (from January 1979 
to January 1989) to identify the patients who had 
breech deliveries. 

The epidural space between L-3 and L-4 was 
located with the Dogliotti loss-of-resistance tech- 
nique, and a catheter (Portex 100/380/300) was intro- 
duced. Analgesia with 0.125% bupivacaine + epi- 
nephrine 1:800,000 was started as soon as labor was 
established and the parturient asked for pain relief, 
regardless of the dilatation of the cervix. Analgesia 
was maintained by intermittent injections of the same 
local anesthetic solution. The level of sensory block 
was determined by pinprick. Assessment of quality 
of analgesia was made by using the following scoring 
system: excellent (when the mother was completely 
free of pain from the first or the second injection till 
the end of delivery); good (when the mother was 
satisfied despite some pain being experienced for a 
short period during labor or delivery); incomplete 
(when the woman had significant pain relief but 
experienced some pain during most of labor and 
delivery); and failure (when, after the start of epidu- 
ral analgesia, pain was experienced throughout labor 
and delivery). No attempt was made to preserve the 
bearing-down reflex. On the contrary, an extra dose 
was given in the sitting position if the perineum was 
not perfectly anesthetized. When the obstetrician 
decided that the woman was ready for delivery, she 
was transferred to the delivery room and instructed 
to begin with the expulsive efforts. 
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Table 1. Types of Deliveries in 554 Patients With 
Breech Presentations 
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Table 2. Demographic Data in 165 Patients Having 
Breech Deliveries 











Trial of labor 
Non- 
n % Epidural epidural 
Primary 201 36.3 — — 
cesarean section 
Secondary 70 12.6 62 8 
cesarean section 
Vaginal delivery 283 51.1 219 64 
Total 554 100 281 72 





Maternal age, weight, and height, parity, cervical 
dilatation at the start of analgesia, quality of analge- 
sia, highest level of sensory blockade, duration of 
analgesia, total dose of local anesthetic, duration of 
tke second stage, ET, weight of the newborn, 1- and 
5-min Apgar scores, and resuscitation methods were 
recorded. “Expulsion time” was defined as the time 
from the first expulsion effort by the mother to the 
delivery of the baby. 

Statistical analysis was performed using the anal- 
ysis of variance for repeated measures. All results are 
expressed as mean + sEM. P < 0.05 was considered to 
be statistically significant. 


Results 


Of 15,145 deliveries in a 10-yr period, 554 (3.66%) 
were singleton breech presentations (Table 1). Of 
these, 201 (36.3%) had a primary cesarean section. 
Seventy-two women did not request LEA. A trial of 
labor under epidural analgesia was started in 281 
parturients, of which 62 (22%) had a secondary 
cesarean section for lack of progress of dilatation 
(79%) or for failure of descent (21%). Of the 219 
vaginal breech deliveries under epidural analgesia, 54 
were not included in the study for the following 
reasons: 9 women delivered so fast that no analgesia 
could be obtained; 6 babies had a low birth weight 
(<1900 g); in 18 women mixtures of local anesthetics 
or high concentrations of local anesthetics were used; 
and in 21 files essential data (second stage, ET) were 
not mentioned. 

Of the remaining 165 breech deliveries under LEA, 
55% were primigravidae. The estimated fetal weight 
was always between 2000 and 4000 g and the esti- 
mated fetal age was beyond 36 wk. Labor was in- 
duced in 39%, using oxytocics (Syntocinon, Sandoz) 
or prostaglandin tablets (Prostin E2). Another 43% 
received Syntocinon in a dose of between 1 and 





Mean SEM Median Range 

Maternal aze (yr) 26 0.3 25 16-35 

Maternal weight 68 0.7 68 47-116 
(kg) 

Maternal height 165 0.8 165 152-178 
(cm) 

Cervical dicatation at 4.3 0.1 4 1-9 
start of epidural 
block (cm) 

Duration of epidural 273 13.2 240 30-880 
analgesic (min) 

Total dose of 61 1.7 56 25-155 
bupivacaine (mg) 

Duration of the 30.9 1.2 27 8-90 
second siage 
(m:n) 

Expulsion time 8.7 0.4 8 1-40 
(min) 

Baby's weight (g) 3148 32.5 3150 1960—4050 


8 mU/min to stimulate labor. Cardiotocographic mon- 
itoring was performed in all cases. 

For the 165 vaginal breech deliveries in this study, 
data were available on maternal age, weight, and 
height, cervical dilatation at the start of analgesia, 
duration of analgesia, total dose of bupivacaine, 
duration of the second stage, ET, and weight of the 
baby (Table 2 and Figures 1 and 2). In all 165 partu- 
rients a sensory level of analgesia to T-10 was ob- 
tained, but in 7.7% a maximum sensory level above 
T-6 was seen. During the first stage of labor, analge- 
sia was excellent or good except for one “failure,” 
which nzeded a new catheter, and four “incom- 
plete,” as judged by the mother or the anesthesiolo- 
gist. In 71% (n = 131) of all deliveries an additional 
injection of bupivacaine in the sitting position was 
given, which resulted in excellent perineal anesthesia 
in all but three women: in two women expulsion was 
so fast that even local perineal infiltration could not 
be performed. In the third woman the sensory block 
did not include the sacral segments and a local 
infiltration provided her with a pain-free delivery. 
Pudendal blocks were never used in this series. A 
mean total dose of 61 + 1.74 mg of bupivacaine was 
administered for a mean duration of epidural analge- 
sia af 273 + 13.22 min. 

The mean duration of the second stage in these 165 
vaginal breech deliveries was 30.86 + 1.21 min 
(range, 8-90 min). The mean ET was 8.7 + 0.44 min 
(range, 1-40 min). In primigravida the mean ET of 
9.7 + 0.66 min was significantly longer (P < 0.05) 
than in multigravidae (7.7 + 0.56 min). The ET 
exceeded 20 min in four women: three primigravidae 
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Figure 1. Frequency (n, hatched bars) and 
cumulative incidence (%, ~#-) of cervical 
dilatation at the start of the first epidural 
injection in 165 breech deliveries. 


1 2 


Figure 2. Frequency (n, hatched bars) and 
cumulative incidence (%, -w-) of ET in 165 
breech deliveries. 


(22 min, 29 min, and 31 min, with baby weights of 
3150 g, 3700 g, and 2450 g, and Apgar scores of 6-8, 
7-9, and 5-9, respectively) and one secundogravida 
(ET of 40 min, baby weight of 3400 g, Apgar score 
6-7) (Figure 2). 

The seven babies with a birth weight of less than 
2500 g (range, 1960-2450 g) in these 165 cases were 
delivered after a mean ET of 8 min (range, 1-29 min). 
Twenty babies had a weight over 3600 g (range, 
3650-4050 g) with a mean ET of 11.8 min (range, 
5-31 min). 

In 10 of the 165 patients instrumental assistance 
was used for delivery: twice low forceps were used 
for delivery of the aftercoming head, and eight times 
a soft cup vacuum extractor was applied to the 
presenting part of the breech delivery (Table 3). The 
mode of delivery, whether instrumental or not, did 
not influence the ET: the mean ET was 9.7 + 1.34 min 
in instrumentally delivered babies and 8.6 + 0.46 min 
in spontaneously delivered babies (P > 0.05). There 
was no significant difference (P > 0.05) between the 
ETs in the cases handled by the eight attending 
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Table 3. Mode of Vaginal Delivery in 165 Breech Births 
and the Corresponding Expulsion Times 





Expulsion 
time 
Mode of delivery n % Mean SEM P value 
Instrumental 10 6 9.7 1.3 
Spontaneous 155 94 8.6 0.5 
Total 165 100 8.7 0.4 >0.05 


obstetricians (Table 4), although one obstetrician per- 
formed 8 of the 10 instrumental deliveries. 

The obstetricians who used a strict Bracht’s ma- 
neuver, in which the infant is extruded spontane- 
ously as far as the umbilicus, had ETs no longer (P > 
0.05) than those of obstetricians who occasionally 
intervened by early manipulative or instrumental 
assistance (8.9 vs 8.6 min). In patients of the obste- 
trician who used a soft cup vacuum extractor on the 
buttocks eight times, ET averaged 7.5 min. 

One hundred twenty-six of the 165 breech babies 
(76%) had an Apgar score =7 at 1 min. At 5 min all 
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Table 4. Number of Deliveries, Mean Expulsion Times, and Number end Rate of Instrumental Deliveries for 





Each Obstetrician 





Deliveries 
Obstetrician n % 
1 7 4.2 
2 35 21.2 
3 43 26.1 
4 19 11.5 
5 22 13.3 
6 8 4.8 
7 17 10.3 
8 14 8.5 
Total 165 100 








Table 5. Number of Babies With Apgar Scores Less 
Than 7 


Apgar score 0 1 2 3 4 5 6 n % 








Vaginal 

breech 

deliveries 

(n = 165) 

At 1 min — 4 
At5 min — oI] 2 3 6 3.6" 
Vaginal 

vertex 

deliveries 

- (n = 165) 

At 1 min — 3 2 1 1 3 8 18 10.9 
At 5 min — 1 — — — 1 2 4 2.4 
Cesarean 

sections 

for breech 

birth 

(n = 165) : 
At 1 min — 2 0 5 1 2 7 17 10.3 
At 5 min — = = — — 2 2 4 2.4 
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“Statistically different versus vaginal vertex deliveries and cesarean 
sections. 

Not statistically significant versus vaginal vertex deliveries and cesarean 
sections. 


but six babies (96%) had Apgar scores at 7 or more 
(Table 5). Each of these six babies had a 1-min score 
of less than 4, In one baby with Apgar scores of 1 
and 5, no resuscitation efforts were made because 
of gross congenital malformations. The five other 
babies were given bicarbonate. All of the remaining 
159 (96%) babies required only oxygen admin- 
istration or needed no resuscitation at all after 
delivery. Table 5 also shows the 1- and 5-min 
Apgar scores of 165 singleton vertex deliveries under 
LEA and 165 cesarean sections for breeches under 
LEA. 


Instrumental 








Expulsion time deliveries 
Mean SEM n % 
7.9 1.2 0 ~ 
7.1 0.7 0 _ 
5.8 0.9 1 2 
7.7 1.0 0 nn 
&5 1.4 1 5 
13.8 4.3 0 a 
5.6 1.1 0 — 
7.5 1.2 8 57 
8.7 0.4 10 6 
Discussion 


Prolonged second stages of labor are often mentioned 
as a disadvantage of LEA. Exact determination of the 
duration of the second stage is, however, difficult 
because it depends largely on the frequency of exam- 
ination. Moreover, it is not proven that a prolonged 
second stage in itself is harmful to the baby, provided 
the ET is short. For these reasons, we think it is better 
to look at the ET, a more precise and relevant datum, 
than duration of the second stage. 

It is important to avoid prolonged ET during which 
lactic acid accumulation and metabolic acidosis may 
develop (6-8,11). A mean ET of 8.7 + 0.44 min in our 
165 breech deliveries is comparable to our results in 
former studies (6.8 + 0.15 min) in singleton vertex 
deliveries using the same epidural technique (16,17). 
A mean total dose of 61 + 1.74 mg of bupivacaine 
was administered for a mean duration of epidural 
analgesia of 273 + 13.22 min, which is 
13.4 mg/h. This is quite a small dose when it is 
realized that 10% of the epidural administrations 
were started at a cervical dilatation of 1-2 cm and that 
an additional 50% started at 3—4 cm. 

In the present study we noticed that one obstetri- 
cian (obstetrician 8) had a high soft-cup vacuum 
extraction rate (57%). In a former study of 877 vaginal 
deliveries under epidural analgesia, the same obste- 
trician had an instrumental delivery rate of 78% (16). 
However, the interesting point is that the average ET 
in his patients was not shorter than was that in 
patients delivered by other obstetricians (Table 4). 
Effective analgesia may tempt the obstetrician to 
perform an instrumental delivery rather than to wait 
for a spontaneous delivery. 

Over two decades, there has developed a trend 
toward more liberal cesarean section in many areas, 
especially in patients with breech presentations. Our 
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obsietricians are convinced that selected patients 
with breech presentation should be offered a trial of 
vaginal delivery. In our opinion epidural analgesia 
with good perineal anesthesia is particularly indi- 
cated in vaginal breech deliveries. Premature expul- 
sion efforts with the danger of cord prolapse and 
head entrapment are effectively prevented. A com- 
fortable, cooperative parturient with a relaxed per- 
ineum allows, when necessary, a shortening of the 
umbilicus to head delivery interval and a controlled 
delivery of the aftercoming head (12,18). 

This study has shown that LEA, given with inter- 
mittent doses of 0.125% bupivacaine plus epineph- 
rine 1:800,000 in 165 breech deliveries, resulted in 
good neonatal conditions as evaluated by the 5-min 
Apgar scores. This agrees with the data of Gimovsky 
et al. (19) and Coltart (20) who found morbid Apgar 
scores (<7 at 5 min) in only 3% of breech babies. Our 
5-min Apgar scores in breech deliveries are not dif- 
ferent from Apgar scores in our group of vertex 
deliveries or cesarean sections for breech deliveries 
(Table 5). There are certainly more low 1-min Apgar 
scores in the vaginally delivered breech babies (Table 
5). But does this difference justify a cesarean section? 
In a critical review, Myers and Gleicher failed to 
support the routine use of cesarean deliveries for all 
cases of breech delivery and suggested that the need 
for abdominal delivery should not exceed 20%~25% 
of all breech deliveries (21). Adding incremental 
doses of 10 ug of sufentanil (maximum, 30 ug) to our 
standard low dose-low concentration epidural tech- 
nique in vertex deliveries further reduces the hourly 
dose of bupivacaine, improves the quality of analge- 
sia, and reduces the incidence of instrumental deliv- 
ery by one-third. Currently, we are investigating this 
technique for breech deliveries as well. 

In conclusion, in both vertex and breech deliveries, 
ET under LEA can be short, despite adequate per- 
ineal analgesia during the expulsion phase. The myth 


that a correctly managed epidural analgesia tech- _ 


nique prolongs the ET and increases the instrumental 
delivery rate should come to an end. We plead for use 
of ET instead of the duration of the second stage 
when evaluating the efficiency and usefulness of 
different types of analgesia in obstetrics. 





We gratefully acknowledge the assistance of Dr. H. H. M. Korsten 
in the analysis of the data. 
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Nightmares and Recovery From Anesthesia 


D. Suresh, MBBS, DA, FFARCSI 





Key Words: ANESTHETICS, intravenous 
propofol. COMPLICATIONS, nicuTMarEs—during 
recovery. 


Several postoperative sequelae have been reported 
after outpatient anesthesia (1). The more recent re- 
ports involve the recently introduced propofol, which 
fulfills many of the requirements of an induction 
agent for this type of surgery. Dreaming in particular 
seems to be quite common, with arousal from anes- 
thesia reported as being generally pleasant and some- 
times even erotic (2,3). There is no record in the 
literature, however, of a patient experiencing a habit- 
ual nightmare during emergence from general anes- 
thesia. 


Case Report 


A 27-yr-old nurse, ASA physical status I, was admit- 
ted for removal of a contraceptive coil as a day-stay 
patient. She had no history of asthma, psychiatric 
disorder, epilepsy, or other neurological disorders. 
General anesthesia elsewhere for insertion of the coil 
2 yr previously was uneventful. 

Anesthesia was induced with 130 mg propofol and 
maintained with 2% isoflurane and 65% nitrous oxide 
in oxygen at a flow rate of 9 L/min using a Bain 
system and a face mask. The procedure was com- 
pleted uneventfully and lasted 6 min, with the pa- 
tient waking as she was wheeled into the recovery 
area. A few minutes later her breathing became 
increasingly labored, with marked inspiratory stri- 
dor, which sounded rather “pharyngeal.” A striking 
feature was that her neck muscles anteriorly were 
extremely taut. All possible maneuvers to maintain a 
clear airway failed to improve the symptom. Oddly, 
despite the general impression of near total obstruc- 
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tion and apparent difficulty in supporting ventilation, 
her color remained good, with pulse oximetry indi- 
cating normal saturation. She was turned onto her 
side. No evidence of either bronchospasm or regur- 
gitation could be found. After intravenous atropine 
and the warning that she would feel weak, 20 mg 
succinylcholine and 50% nitrous oxide in oxygen 
allowed easy ventilation and provided a clear airway 
for resumption of spontaneous respiration. This time, 
identical symptoms were accompanied by odd jerk- - 
ing movements of the entire body, with the patient 
now clutching her throat with her right hand in the 
classic “cafe coronary” manner and raising the pos- 
sibility of persisting mechanical obstruction. To con- 
fuse the issue further, the scrub nurse, a distant 
relative of the patient, volunteered the information 
that the patient’s sister had epilepsy. 

Laryngoscopy after thiopental and succinylcholine 
was entirely normal, with no physical or mechanical 
cause to account for the symptoms and signs of 
airway obstruction. Recurrence of these with hyper- 
ventilation after extubation responded to 5% CO, in 
oxygen and 5 mg midazolam intravenously. For the 
next hour she needed repeated and firm reassurance 
that she was not “choking” before transfer to the 
ward for overnight observation. 

A chat with the patient that evening proved most 
illuminating. Since the age of 11, she had suffered 
nightmares roughly 10 to 15 times a month, with the 
mest recent one 3 days before her anesthetic. Char- 
acteristically, these always involved someone at- 
tempting to strangle her. Her spontaneous demon- 
stration of these regular attempts on her life was quite 
fascinating in that it was absolutely identical to the 
manner in which she clutched her throat repeatedly 
during emergence. She could not however, recall 
dreaming or having a nightmare during this anes- 
thetic. 


Discussion 


There was no history of attempts on this patient's life, 
and she denied sexual abuse or violence during 
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childhood. She could not recall being told that she 
snores or wakes up fighting for her breath. She was 
also quite certain that what woke her up was the 
nightmare of strangulation and not any physical 
sensation of choking or suffocation. While she real- 
ized that suffering nightmares for roughly 7 yr was 
probably not normal, it was certainly not an indica- 
tion for psychotherapy, as her 4-yr-old daughter had 
nightmares as well! 

Uninhibited behavior, hallucinations, and opistho- 
tonus have all been reported after anesthesia with 
propofol (3-6). That this patient’s emergence might 
represent a further example of an unusual form of 
recovery attributable to propofol must remain conjec- 
tural and is possibly discounted by the persistence of 
symptoms after thiopental for laryngoscopy. Addi- 
tionally, while this patient’s presentation may super- 
ficially resemble and possibly be confused for 
opisthotonus, no extension of the neck or arching of 
the back was seen (5,6). Moreover, the unique history 
and the extremely taut neck muscles (as in someone 
resisting strangulation) point to an experience during 
emergence identical to her usual nightmares. This 
suggests that the nature of arousal after anesthesia is 
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probably influenced by a patient's individual experi- 
ences and personality. 

However, because dreaming is quite common after 
propofol anesthesia (2), it would be prudent either to 
avoid propofol, or at least to bear in mind the 
possibility of these peculiar patterns of recovery 
where such a history of unpleasant dreams or night- 
mares is elicited preoperatively. Patients with certain 
types of documented personality disorders would 
also justify a similarly cautious approach in their 
management. 
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Letters to the Editor 





The Importance of Documenting 
Complete Sympathetic Blockade 


Key Words: PAIN, causaLcia. SYMPATHETIC 
NERVOUS SYSTEM—diagnostic block. 


To the Editor: 


We believe the recent letters to the editor by Lee (1) and de 
Jong (2) deserve amplification. We agree with de Jong that 
the implication of the title of the clinical report by Cicala et 
al., “Causalgic Pain Responding to Epidural but Not to 
Sympathetic Nerve Blockade” (3), may not tell the complete 
story. This report describes a patient who sustained a 
gunshot wound to the abdomen with a resultant incom- 
plete lumbosacral plexus injury and signs and symptoms 
consistent with a causalgia involving his right foot and 
ankle. The patient was treated in a number of different 
ways, including two right lumbar paravertebral sympa- 
thetic blocks. After each block the patient had resolution of 
the erythema and hyperesthesia, but the burning pain 
persisted. The patient was ultimately treated with an injec- 
tion of 20 mL of 0.5% lidocaine into the caudal epidural 
space, followed by a continuous lumbar epidural infusion 
of 0.125% bupivacaine for 72 h with resolution of his pain. 
The authors suggest that this may show the importance of 
a pathologic afferent-to-efferent feedback loop in this pa- 
tient’s causalgia. They imply that this loop was somatic as 
the lumbar paravertebral sympathetic blocks were not 
successful in relieving all of the patient’s symptoms; how- 
ever, in the article the authors do not document complete 
sympathetic blockade after lumbar paravertebral sympa- 
thetic block. Abolition of the sympathogalvanic response 
and abolition of sweating (as measured by sweat tests) are 
the standard tests of complete sympathetic blockade (4-7). 
Because apparently neither of these tests was used, it is 
uncertain whether complete or even partial sympathetic 
blockade was obtained after the lumbar paravertebral sym- 
pathetic blocks. Skin temperatures were also not reported. 
What this case may represent is incomplete sympathetic 
blockade with partial resolution of symptoms after lumbar 
paravertebral sympathetic block. It then becomes confusing 
trying to decide whether the epidural infusion of local 
anesthetic worked by blocking a pathologic afferent-to- 
efferent nerve conduction loop, as proposed by the au- 
thors, or if it worked by simply blocking sympathetic fibers 
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that were not adequately blocked by the lumbar paraverte- 
bral sympathetic blocks. 

The authors did not document a sensory level with the 
epidural infusion. Did the patient obtain pain relief because 
of sympathetic or somatic blockade? They state the bupiv- 
acaine concentration in the infusion relieves somatic pain. 
However, the patient experienced complete pain relief after 
the caudal block with 0.5% lidocaine. Did this concentra- 
tion provide somatic or probably just sympathetic block in 
this patient? 

What the authors may have again demonstrated is that 
the epidural route is another way to perform sympathetic 
blockade when technical difficulties prevent obtaining an 
adequate block via the lumbar paravertebral method. How- 
ever, it is important to point out the benefits of sympathetic 
blockade via the lumbar paravertebral route as opposed to 
the epidural route. First, anatomic separation of sympa- 
thetic and somatic pathways with the former technique 
prevents much of the uncertainty of appropriate diagnosis 
and treatment. Second, the unilateral sympathetic blockade 
associated with the lumbar paravertebral method avoids 
the hypotension commonly seen after the bilateral sympa- 
thetic blockade produced with the epidural route and 
therefore provides for shorter recovery time for outpa- 
tients. Neurolytic blockade may be performed with essen- 
tially no loss of sensory or motor function in those cases 
where iz is needed (8). Furthermore, in some patients 
epidural block even with a T-5 sensory level may not 
completely block the sympathetic fibers to the leg (5). The 
lower extremity sympathetic block associated with epidural 
analgesia does not last as long as the sensory block as the 
former frequently dissipates when the sensory level 
reaches T-10 (9). In light of this, is the duration of sympa- 
thetic blockade with the paravertebral route greater than 
with the epidural route, and, if so, does this longer dura- 
tion make the former superior for the treatment of causal- 
gia? Fur-her studies are needed. 

In conclusion, complete sympathetic blockade needs to 
be documented before deciding that a painful condition is 
not sympathetically mediated. It would be interesting to 
tesi the authors’ hypothesis in patients who have inade- 
quate pain relief despite complete sympathetic blockade 
from lumbar paravertebral sympathetic block. 


Brian D. Smith, MD 
James J. Gibbons, MD 
Department of Anesthesiology 
St. Louis University 

St. Louis, MO 63110 
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A “Loading Port” for Syringe 
Infusion Pumps 


Key Words: EQUIPMENT, SYRINGE INFUSION PUMPS 


To the Editor: 


With the increased use of continuous infusions in anesthe- 
sia and intensive care, there is more use of syringe infusion 
pumps. Although the syringe volume is limited and the 
surgical time is often unknown, there are instances of 
wasted drugs or cumbersome refilling procedures during 
anesthesia. We suggest the following “loading port” tech- 
nique to eliminate these problems. 

Before filling the syringe with the drug to be given, a 
three-way stopcock is placed between the pump syringe 
and the tubing going to the patient (Figure 1). The tubing is 
then primed in the usual way with the stopcock opened to 
the patient. When the volume in the pump syringe runs 
low, a separate second syringe, the reloading syringe 
aseptically loaded with the same agent, is attached to the 
stopcock side port. The plunger of the pump syringe is then 
disconnected from the pump, and the driving mechanism 
is retracted. The stopcock is opened to the pump syringe, 
and the contents of the reloading syringe are injected into 
the pump syringe (Figure 2). At this point, the driving 
mechanism is reattached, the stopcock again is reopened to 
the patient, and the infusion continues. 

We propose this technique for two reasons. First, given 
the simplicity of this reloading technique, the anesthesiol- 
ogist is able to load smaller amounts and volumes of drugs 
more frequently. This allows for more cost-effective use of 
intravenous agents. With other reloading techniques, the 
tendency was to fill the entire syringe at the beginning of 
the case, and if reloading became necessary, to refill the 
entire syringe again by disconnecting the tubing and taking 
the syringe out of the pump. As this procedure was 


ANESTH ANALG 407 
1991;72:406-16 






Ae g 


Figure 1. Syringe and pump with three-way stopcock in place. 
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Figure 2. Loading port in use. 


time-consuming, the tendency was to err on the conserva- 
tive side which resulted in wasted drug. 

Second, we believe that this technique is associated with 
greater sterility than are other methods of refilling the 
pump syringe. The connection between syringe and patient 
is never broken; all refilling is through the previously 
attached stopcock. There are no loose tubing ends during 
the reloading and, therefore, less chance of contamination. 
There have been recent reports of contaminated intrave- 
nous infusions of propofol (Diprivan) when aseptic tech- 
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nique was not observed (1). By using the technique that we 
propose, contamination of intravenous solution should be 
minimized. 

Given the benefits of sterility, ease of reloading, and less 
agent wastage, the reloading port is well worth the small 
additional cost of the stopcock. We have used this port for 
the Bard InfusO.R. pump (C. R. Bard Inc., North Reading, 
Mass.) and the Baxter Auto Syringe (Baxter Health Care 
Corp., Hooksett, N.H.) infusion pumps and believe that it 
can probably be easily adapted for use in other syringe 
infusion pumps. 

Richard P. O’Flynn, MD 
Janet N. Siler, MD 
Department of Anesthesiology 
Hahnemann University 

MS 310 


Broad and Vine Streets 
Philadelphia, PA 19102 
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Are the Hemodynamic Effects of 
Dexmedetomidine Influenced by the 
Background Anesthetic? 


Key Words: SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY-—dexmedetomidine. 


To the Editor: 


Karlsson et al. recently published data that describe the 
cerebral blood flow (CBF) and cerebral metabolic rate for 
oxygen (CMRo,) responses to the administration of dexme- 
detomidine in dogs (1). Their findings agree with our 
previously published study in dogs using similar method- 
ology (sagittal sinus venous outflow) and dose of dexme- 
detomidine (2). In both studies, CBF decreased significantly 
and CMRo, was unchanged after the administration of 
10 ug/kg of dexmedetomidine given as an infusion over 10 
or 15 min. However, the two studies were different in that 
we used 0.5 MAC isoflurane as the background anesthetic, 
whereas Karlsson et al. used 1.0 MAC halothane. Our 
animals all developed a marked hypertensive response to 
the administration of dexmedetomidine. Likewise, Bloor et 
al. reported that mean arterial pressure increased signifi- 
cantly in dogs anesthetized with 1.0 MAC isoflurane given 
20 wg/kg dexmedetomidine over 2 min (3). In contrast, the 
animals of Karlsson et al. did not become hypertensive. In 
agreement with this observation of Karlsson et al. regard- 
ing hemodynamic responses to dexmedetomidine admin- 
istration is an earlier study of Vickery et al. in which no 
increase in blood pressure was noted in halothane- 
anesthetized dogs given the same dose of dexmedetomi- 
dine (4). 
We wonder if these differing hemodynamic responses 
_might be a function of the anesthetic state (halothane vs 
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isoflurane). If the hemodynamic responses to the adminis- 
tration cf dexmedetomidine are dependent on the particu- 
lar volatile anesthetic background state, this would seem to 
be a novel drug interaction worthy of further careful 
investigation. 

The fact that our isoflurane-anesthetized dogs all be- 
came quite hypertensive and yet still demonstrated signif- 
icant decreases in cerebral blood flow attests to the potent 
global cerebral vasoconstrictor properties of dexmedetomi- 
dine. However, whether or not this property would be of 
use in neurosurgical patients will depend on the ability of 
dexmedetomidine to alter local cerebral blood flow to 
provide favorable flow redistribution to ischemic or pen- 
umbral areas rather than simply to decrease global cerebral 
blood flow per se. This would also seem to be a potential 
avenue or further study. 


Mark S. Scheller, MD 
Mark H. Zornow, MD 
Department of Anesthesiology 
UCSD Scnool of Medicine 
9500 Gilman Drive 

La jolla, CA 92093-0629 
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In Response: 


As pointed out by Drs. Scheller and Zornow, our findings 
(1) correspond well with the results from their study (2), 
which were published 2 mo before our own. 

Drs. Zornow and Scheller raise the question whether the 
he:nodynamic effects of dexmedetomidine are influenced 
by the background anesthetic. They compare the results 
from four studies during isoflurane or halothane anesthe- 
sia. We have gathered the available data on the effect of 
a-adrenergic agonists on systemic hemodynamic variables 
during inhalation anesthesia in Table 1 (1-7). In our studies 
a transient increase in mean arterial pressure was seen 
during the drug infusion, but the blood pressure returned 
to preinfusion levels before the next set of measurements 
were obtained. From the tabulated data, it seems most 
likely that the effect of dexmedetomidine on mean arterial 
pressure during inhalation anesthesia is dependent on the 
dose of the anesthetic and the a,-agonist and not on the 
anesthetic agent per se. This view is also supported by data 
frem Maze et al. (6) and from our own group (data not 
published) on the effects of azepexole, another potent 
a,-agonist, on cerebral blood flow and CMRo, during 1 
MAC isoflurane anesthesia. Azepexole (1 mg/kg) (equipo- 
tent reduction in MAC for isoflurane or halothane to 10 
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‘Table 1. Available Data on the Effect of a,-Adrenergic Agonists on Hemodynamic Variables During 


Inhalation Anesthesia 


Authors Anesthetic a,-Agonist 
Bloor et al.* Iso 1 MAC Dexmedetomidine 
Zornow et al. Iso 0.5 MAC Dexmedetomidine 
Bloor et al.” Iso 1 MAC MPV-1440 
Vickery et al. Hal 1 MAC Dexmedetomidine 
Karlsson et al. Hal 1 MAC Dexmedetomidine 
Maze et al. Iso 1 MAC Azepexole 
Raybould et al.” Iso 1 MAC BHT-920 
Karlsson et al.” Iso 1 MAC Azepexole 





Dose HR co MAP SVR 
20 ag/kg l l t T 
10 pg/kg { 4 T 
20ug/kg l 4 T T 
1-10 pg/kg 4 4 No change (TINS 
10 pg/kg 4 No change 
0.1-1 mg/kg 4} L No change (NS 
0.1-0.3 mg/kg ļ 4 No change t 
1 mg/kg (JNS No change 


HR, heart rate; CO, cardiac output; MAP, mean arterial pressure; SVR, systemic vascular resistance; Iso, isoflurane; Hal, halothane; NS, nonsignificant. 


“Abstract. 
"Data not published. 


ug/kg dexmedetomidine) caused a reduction in the cerebral 
blood flow, whereas neither CMRo, nor mean arterial 
pressure was affected by drug administration. 

Dexmedetomidine, as well as azepexole, has been 
shown to have a centrally mediated hypotensive effect 
(8,9). In conscious dogs (10), or when intravenous or 
intraperitoneal anesthetics were given to cats, dogs, or rats 
(8,9), the hypotensive effect of the drug dominated at the 
dose levels used. Thus it is possible that the inhalation 
anesthetics interact with the a,-agonists in a way different 
from other classes of anesthetics because no hypotensive 
effect of these drugs could be demonstrated during 
halothane or isoflurane anesthesia. 


Bente R. Karlsson, MD 
Institute for Experimental Medical Research 


Petter A. Steen, PhD 
Department of Anesthesiology 
Ulleval Hospital 

0407 Oslo 4, Norway 
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Harold Griffith and John Snow 


Key Words: HISTORY, HAROLD GRIFFITH, SIR 
ROBERT MACINTOSH, JOHN SNOW. 


To the Editor: 


Drs. Maltby and Baznforth’s interesting story (1) of Ralph 
Waters, Sir Robert Macintosh, and John Snow's book On 
Chloroform and Other Anaesthetics deserves a foreword. The 
seventy-fifth anniversary of the death of John Snow was 
honored at the Twelfth Annual Congress of Anesthetists in 
1933 at Chicago during the “Century of Progress” World 
Fair. The Congress was sponsored by the Associated Anes- 
thetists of the United States and Canada, the International 
Anesthesia Research Society, the Eastern Society of Anes- 
thetists, the Mid-Western Association of Anesthetists, the 
Southern Association of Anesthetists, and the Clinical 
Congress of Surgeons. Harold Griffith was president and 
entitled his presidential address “John Snow, Pioneer Spe- 
cialist in Anesthesia.” He quoted at length from On Chlo- 
roform and was evidently quite familiar with it. There is no 
copy, however, amongst his memorabilia at the Queen 
Elizabeth Hospital in Montreal, where he spent his working 
life. Sir William Osler’s own copy of the 1858 edition is in 
the Osler Library of the History of Medicine at McGill 
University, where it was deposited with the bequest that 
established that library after his death in 1919. As a McGill 
graduate and Montreal physician, Harold Griffith would 
have had access to it. 

Sir Robert Macintosh would have met Harold Griffith at 
a “Special Meeting” of the American Society of Anesthe- 
tists with the inaugural meeting of the Section of Anesthe- 
sia of the Connecticut State Medical Society, of which Brian 
Sword was chairman, held at Bridgeport on May 20, 1937. 
Macintosh addressed the meeting as a guest, and Harold 
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Griffith read a paper entitled “The Recent Revolution in 
Anesthesia.” 

Griffith was a particular friend of Waters, as a fellow 
member of the Anesthetist’s Travel Club since 1930. There 
seems little doubt that his presidential address contributed 
to the revival of interest in John Snow, at a time when 
Waters did not have a copy of On Chloroform and Other 
Anaesthetics and Macintosh had not read it; he later admit- 
ted “Snow was virtually unknown to British anaesthetists 
of my generation.” 

Tam indebted to the Wood Library-Museum for allowing 
me to look at the Minutes of the ASA Meeting of 1937. 
Richard I. Bodman, MB, FRCP(C) 

1 Prince Street, Suite 409 


Dartmouth, Nova Scotia 
Canada B2Y 4L3 
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Severe Hypocapnia During 
Cardiopulmonary Bypass 


Key Words: CARBON DIOXIDE, HYPOCAPNIA— 
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CARDIOVASCULAR—Ccardiopulmonary bypass. 
EQUIPMENT, FLOW METERS—malfunction. 


To the Editor: 


Hypocapnia during cardiopulmonary bypass (CPB) may be 
associated with decreases in cerebral blood flow (1), possi- 
ble neurologic deficits (2), leftward shift of the oxyhemo- 
globin curve (3), and decreases in coronary blood flow (4). 
We were involved recently in a case of severe hypocapnia 
due to an unrecognized problem with the air-oxygen mixer 
flow meter used during CPB. 

A 64-yr-old man, ASA physical status IE with unstable 
angina and severe three-vessel coronary artery disease, was 
admitted for urgent coronary artery bypass operation. A 
high-dose sufentanil technique was used, and the case 
proceeded uneventfully during the pre-CPB and early CPB 
period. On CPB, moderate hypocapnia was present during 
the initial cooling period (Table 1). (All arterial blood gas 
tensions are uncorrected using alpha-stat management.) 
During rewarming, despite attempts to decrease oxygen 
flows to the membrane oxygenator (Bentley BOS CM 50), 
the arterial partial pressure of carbon dioxide (Paco,) con- 
tinued to decrease. Arterial blood gas tensions were mea- 
sured using an Instrumentation Laboratories IL 1312 ma- 
chine and were confirmed by a second independent ABG 
analysis (radiometer ABL-3). Oxygen flow was apparently 
decreased from 3.5 L/min to a markedly low 500 mL/min 
without normalization of Paco, (Table 1). During this 
period, there were no dysrhythmias or evidence of myo- 
cardial ischemia determined by computerized electrocar- 
diographic ST segment analysis. Cerebral blood flow deter- 
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mination and electroencephalographic analysis were not 
performed. 

At the time, no cause could be found for the hypocap- 
nia. The decision was made to attempt discontinuation of 
CPB despite the abnormality of the acid-base status. After 
discontinuation of CPB, the patient's condition remained 
stable and he was taken to the intensive care unit. His 
postoperative course was uneventful. Although formal 
neuropsychiatric testing was not performed, no evidence of 
central nervous system dysfunction was evident at the time 
of discharge from the hospital on the 10th postoperative 
day. 

The air-oxygen mixer (model No. 14810, Sechrist Indus- 
tries, Inc., Anaheim, Calif.) consists of two flow meters. 
The left flow meter regulates flow from 0 to 1000 mL/min. 
The right flow meter regulates flow from 0 to 10 L/min 
(Figure 1). These flow meters are in parallel not in series. In 
adults, the 0-10-L/min flow meter is used exclusively at our 
institution, and the 0-1000-mL/min flow meter should be in 
the “OFF” position (Figure 1). After the case described 
above wes finished, the flow meters of the air-oxygen 
mixer were evaluated. On inspection, the 0-1000-mL/min 
flow meter was “ON” and the flotation ball was above the 
1000-mL/min mark (Figure 2). Testing flows (with a Wright 
spirometer) through the 0-1000-mL/min flow meter re- 
vealed a marked discrepancy between indicated and 
actual flows. In Figure 1, the left flow meter is off, the 
right flow meter indicates 2 L/min, and total measured 
flow equaled 2 L/min. The 0-1000-mL/min flow meter 
was then turned on, the knob controlling the flow 
being turned counterclockwise three revolutions past 
1000-mL/min flow to simulate the situation during the case. 
The flotation ball of this flow meter is seen above the 
1000-mL mark in Figure 2. In this configuration, measured 
flow was 42 L/min. 

We assume that the flow meter was set in this position 
accidentally before CPB. Our belief that this flow meter is 
usually off during adult cases and the fact that the flotation 
ball was cifficult to see, led to the assumption that this flow 
meter was off during CPB. It appears that approximately 
50 psi of pressure and more than 40 L/min of flow were 
delivered from the air-oxygen mixer to the oxygenator. We 
contacted the Sechrist Corporation, and they were unaware 
of this pctential complication. 

The Paco, during CPB is regulated by flow (sweep rate) 
to the oxygenator (5). Increasing the sweep rate decreases 
Paco,, and decreasing the sweep rate increases Pacoy. 
Moderate hypocapnia induced by lung ventilation during 
CPE is usually moderate (6). The lungs were not ventilated 
at the time the hypocapnia developed in the patient. 

Markedly increased flows to the oxygenator caused 
severe hypocapnia and respiratory alkalosis in this patient. 
It was fertunate that this did not cause any identifiable 
long-term sequelae, but the potential damage of severe 
hypocapnia that we observed in this instance should be 
known to anesthesiologists. It can be prevented in three 
ways: 


1. Checking all flow meters to determine they are in the 
“OFF” position before starting CPB. 
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Table 1. Arterial Blood Gas Tensions in the Perioperative Period 

“Apparent” Blood 

sweep rates Paco, Pao, HCO, temp 
Time Events (L/min) pH {mm Hg) (mm Hg) (mEq/L) (°C) 
1345 Pre-CPB — 7.41 36 418 23.0 36.2 
1455 Cannulation 4.5 7.45 32 366 22.3 33.4 
1500 On CPB 3.0 7.66 19 346 21.4 28.8 
1522 Cooling 3.5 7.64 20 166 21.4 26.6 
1555 Graft anast 3.0 7.70 13 399 = 28.2 
1610 Warming 2.0 7.85 11 402 18.9 36.0 
1630 Before weaning 0.5 7.80 12 479 18.2 35.8 

from CPB 

1720 Off CPB — 7.35 39 277 21.3 36.3 
1845 End of operation — 7.36 33 346 17.9 36.7 








Paco, partial pressure of carbon dioxide, arterial; Paoz, partial pressure of oxygen, arterial; Anast, anastomosis; CPB, cardiopulmonary bypass. 


*Flow rates set on air-oxygen mixer going to oxygenator in liters per minute (see text). 





Figure 1. Flow meters on air-oxygen mixer of CPB machine. Arrow 
points to flotation ball of 0-1000-mL/min flow meter when in 
“OFF” position. 


2. Increased understanding of all CPB equipment. Our 
familiarity with anesthesia machines led us to believe 
that the flow meters used during CPB are in series when 
in fact they are in parallel. Our assumption that the 
0-1000-mL/min flow meter output would be included in 
the reading of the 0-10-L/min flow meter (in series 
cenfiguration) was incorrect. 

3. Checking the flow from the air-oxygen mixer. Brief 
disconnection of the tubing from the oxygenator and 
“listening” to the flow would probably have led to 
prompt discovery of this problem. 


We hope this letter will alert anesthesiologists to this 
potential complication and stimulate increased knowledge 
of CPB equipment. i 


Mark E. Romanoff, MD 
Department of Anesthesiology/SGHSA 
Wilford Hall USAF Medical Center 
Lackland AFB, TX 78236-5300 


Philip W. Kocoloski, Do 
Depariment of Anesthesiology/SGHSA 
USAF Medical Center 
Wright-Patterson AFB, OH 45433 
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Figure 2. Arrow points to flotation ball of 0-1000-mL/min flow 
meter when control knob was turned counterclockwise three 
revolutions past 1000-mL/min flow (see text). 
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f-Adrenergic Receptor Function in 
Surgical Patients 


Key Words: SYMPATHETIC NERVOUS SYSTEM, 
£-ADRENERGIC RECEPTORS. RECEPTORS, 
E-ADRENERGIC. 


To the Editor: 


I read with interest the article by Marty et al. (1) that 
reported increased B-adrenergic receptor (6-AR) density of 
the lymphocyte membrane and slightly decreased B-AR 
isoproterenol affinity in surgical patients demonstrating 
adrenergic activation. Dr. Marty clearly demonstrates that 
adrenergic activation occurs in a subpopulation of surgical 
patients and that these changes correlate nicely with the 
receptor changes detailed above. Adrenergic receptor de- 
sensitization is an important laboratory and clinical phe- 
momenon that is subtle and occasionally difficult to inter- 
pret. Therefore, I would like to make a few comments that 
right help the reader interpret Dr. Marty’s data in this 
difficult area. 

First of all, the study of adrenergic receptor function 
during anesthesia and operation is important yet fraught 
with difficulty. For example, in studies using circulating 
lymphocytes as a monitor of adrenergic receptor function, 
strict controls for lymphocyte subpopulations are required 
as varying lymphocyte populations have different B-AR 
density (2). In studies in which elevated catecholamines are 
induced by catecholamine infusions (2,3) or by exercise (4), 
artifactual increases in apparent B-AR density occur due to 
recruitment of lymphocytes located in tissues such as the 
spleen that have different (higher overall) B-AR density (2). 
Hence, strict controls for lymphocyte subpopulations need 
to be observed in studies using lymphocyte B-AR function. 
before conclusions can be drawn. Although the most de- 
finitive manuscript in this area (2) was published after Dr. 
Marty’s paper was submitted to Anesthesia and Analgesia, it 
is important to point out that the increased -AR number 
found in Dr. Marty’s study is probably due to recruitment 
of new lymphocyte subpopulations in these patients simply 
because of the presence of elevated catecholamines and 
therefore unrelated to desensitization. Second, with regard 
to the small changes in -AR isoproterenol affinity in 
surgical patients demonstrating adrenergic activation in 
this study, the data regarding K, (dissociation constant for 
isoproterenol, specifically low-affinity binding sites) or IC. 
{concentration of isoproterenol required to displace 50% of 
specific binding) may well represent lymphocyte f-AR 
desensitization in these patients. However, it is difficult tc 
ve sure such small changes are relevant until a measure of 
8-AR function, such as adenylyl cyclase activity, is as- 
sessed. Dr. Marty and his colleagues suggest this them- 
selves in their discussion. 

Again, I congratulate Dr. Marty and his coauthors for 
attempting to elucidate the response of the adrenergic 
nervous system in the surgical patient. Further studies 
using functional data (such as adenylyl cyclase activity! 
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may elucidate potential mechanisms of B-AR desensitiza- 
tion during anesthesia and operation. 


Debra A. Schwinn, MD 
Department of Anesthesiology 
Duke University Medical Center 
Durham, NC 27710 
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In Response: 


We appreciate Dr. Schwinn’s comments and agree that an 
increase in -adrenergic receptor (B-AR) density may be 
due to recruitment of new lymphocyte subpopulations 
related to elevated catecholamines (1). However, this ex- 
planation was documented only in 1990, that is after the 
acceptance of our manuscript. We did not relate this change 
in B-AR density to desensitization but rather to an increase 
in plasma concentration of cortisol as it has been docu- 
mented previously (2). In fact, the most important finding 
of our study is the decrease of B-AR isoproterenol affinity, 
which may well represent desensitization. As mentioned, 
we did rot assess B-AR function by a measure of adenylyl 
cyclase activity. Nevertheless, we observed in some pa- 
tients an alteration of the usually observed hemodynamic 
responses to adrenergic activation at the time of recovery 
that was highly suggestive of B-AR desensitization. Obvi- 
ously, further studies are needed to delineate exactly the 
mechanisms of these alterations. 

Jean Mazty, MD 

Martin Nimier, MD 

Hôpital Bichat 

46 rue Heari Huchard 

75018 Paris, France 
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A History of Nurse Anesthesia? 


Key Words: HISTORY, NURSE ANESTHESIA. 


To the Editor: 


I read with interest Dr. Selma Harrison Calmes’s review of 
Marianne Bankert’s book, Watchful Care: A History of Amer- 


LETTERS TO THE EDITOR 


ica’s Nurse Anesthetists. It is most interesting to note that 
several important political issues were not discussed in the 
volume. First and foremost, with the hiring of John Silas 
Lundy, mp, as the chief of anesthesia, the Mayo Clinic 
switched from a nurse-dominated to a physician- 
dominated department. Why did the Maya brothers feel, in 
the mid-1920s, that this was necessary? How did this 
change affect the nurse anesthetists? Did “the mother of 
anesthesia,” as Marianne Bankert refers to Alice Magaw, go 
quietly into the night when Lundy arrived? 

Second, although Bankert chronicles the rise of the 
American Association of Nurse Anesthetists (AANA) in the 
1930s, she never mentions the contemporary rise of the 
physician anesthetists. Both the International Anesthesia 
Research Society and the American Society of Anesthetists 
were very active in promoting the “science and art of 
anesthesia,” which was capped by an exhibit at the 1939 
New York World's Fair. (The American Society of Anesthe- 
tists, a physician organization, became the American Soci- 
ety of Anesthesiologists in 1945.) 

Last, as Dr. Calmes so accurately pointed out, Bankert’s 
book includes little contemporary history. As the number 
of schools of nurse anesthesia declines, which has shrunk 
the AANA’s political base, the organization has grown in 
power. This seeming contradiction in terms needs to be 
further explored as does the relationship between nurse 
anesthetists and anesthesiologists. There is much in that 
association beyond the numerous court batiles of the 1920s, 
193Cs, and 1940s that Bankert so well documents, and 
perhaps it is time for a truce on all sides. 


Douglas R. Bacon, MD 

Department of Anesthesiology and Critical Care Medicine 
Roswell Park Cancer Institute 

Elm and Carlton Streets 

Buffalo, NY 14263 
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Intraspinal Opiates in Patients 
Receiving Podophyllum 


Key Words: TOXICITY, PODOPHYLLUM. 
ANESTHETIC TECHNIQUES, 
EPIDURAL-—morphine. 


To the Editor: 


The paper on delayed recognition of podophyllum toxicity 
in a patient receiving epidural morphine by Conrad et al. 
(1) is an interesting report of a phenomenon that is not 
often seen. The statement, “analgesic techniques such as 
epidural morphine, which may mimic the signs and symp- 
toms of podophyllum toxicity and delay diagnosis, should 
therefore be avoided,” is an unfortunate extraction of an 
unjustified conclusion from an interesting observation. The 
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problem in this case was purely and simply a frank over- 
dose of podophyllum. The fact that this patient received 
epidural morphine is a “red herring.” There is absolutely 
nothing about this clinical course, except for nausea, that 
could in any way have been attributed to epidural mor- 
phine. In fact, epidural morphine side effects do not mimic 
the signs and symptoms of podophyllum toxicity. The 
age-old dictum that appropriate analgesia may mask pa- 
thology is in many cases simply an excuse to justify lack of 
appropriate clinical observation. 

I suggest that a more appropriate conclusion to this 
article would have been that broader based training of the 
gynecologic house staff in recognition of the signs of 
podophyllum toxicity and more intensive education of the 
nursing and house staff in the signs of side effects of 
intraspinal opioids are needed (2). 

Podophyllum application to condylomata acuminata is 
painful. Pain after surgical procedures should be appropri- 
ately treated by appropriate means. A suggestion for “small 
doses of analgesics” (1) is a call for inappropriate manage- 
ment of postsurgical pain. 

W. Thomas Edwards, PhD, MD 
Pain Relief Service 

Department of Anesthesiology, ZA-14 
Harborview Medical Center 


325 Ninth Avenue 
Seattle, WA 98104 
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Propofol Does Not Trigger Malignant 
Hyperthermia 


Key Words: HYPERTHERMIA, 
MALIGNANT—propofol. ANESTHETICS, 
INTRAVENOUS—propofol. 


To the Editor: 


The use of propofol in patients known to have or be at risk 
for malignant hyperthermia (MH) has not been reported. A 
recent study showed propofol did not trigger MH in 
genetically susceptible swine and suggested that propofol 
is “almost certainly” safe to use in patients at risk for MH 
(1). The following case confirms this conclusion. 

A 15-yr-old, 64-kg boy scheduled for open reduction of a 
nasal fracture had a documented MH episode 4 yr before 
admission while undergoing general anesthesia for antral 
windows. It was elected to attempt surgery using an ester 
local anesthetic and sedation, with an anesthesia machine 
free of potentially MH-triggering inhalation anesthetics and 
with an MH cart in the room. Despite incremental doses of 
midazolam, alfenta, and propofol, the patient was unable 
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to tolerate surgical manipulation. He was then preoxygen- 
ated and anesthesia was induced with propofol followed by 
atracurium for tracheal intubation. Anesthesia was then 
maintained. with nitrous oxide in oxygen and bolus doses of 
propofol. His intraoperative and postoperative course was 
uneventful. He was observed for 24 h and discharged 
without sequelae. 

Dogma has it that we use a balanced nitrous oxide/ 
narcotic anesthetic for patients at risk for MH. One could 
avoid the delayed emergence often associated with this 
technique for short surgical procedures by using a drug 
such as propofol. This case confirms the suggestion based 
on animal experiments (1) that propofol is safe to use in 
MH-susceptible patients and offers a valuable alternative in 
the anesthetic management of these patients. 


Jonathan S. Gallen, MD 
Department of Anesthesia 
Clayton General Hospital 
Riverdale, GA 30274 
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Oral Pulse Oximetry in 
Small Children 


Key Words: ANESTHESIA, PEDIATRIC. 
MEASUREMENT TECHNIQUES, 
OXIMETRY—pediatric. 


To the Editor: 


I read with interest the reports by Jobes and Nicolson (1), 
Gunter (2), and Sosis (3) concerning the utilization of the 
cral cavity as a possible place for positioning a pulse 
eximeter probe. I would like to comment on my experience 
utilizing this approach. 

In 1987, while working in a cardiovascular surgical unit 
in the United Kingdom, I realized that it was difficult to 
obtain a stable signal with pulse oximetry in small children, 
especially when they had surgery with extracorporeal cir- 
culation and systemic hypothermia. Under those condi- 
tions, most pulse oximeters tended to give false readings, 
probably because of insufficient peripheral perfusion attrib- 
utable to hypothermia and vasoconstriction. As we did not 
have access at that time to reliable probes for children, we 
attempted to use the normal Ohmeda Pulse Oximeter adult 
ear probe (model 8122-003, Biox 3700, Boulder, Colo.), 
inserting one of the jaws into the mouth, against the inner 
surface of the cheek, while the other jaw was apposed to 
the external surface (Figure 1). This simple procedure 
allowed us to obtain reliable measurements of the child’s 
blood oxygenation even at moderate degrees of hypother- 
mia, presumably due to the fact that the tissues in this area 
are relatively thin and well vascularized. Blood flow in this 
area did not seem to be altered as much as the flow in the 
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Figure 1. Positioning of adult Ohmeda pulse oximeter in an infant 
with one of the jaws of the probe on the buccal surface and the 
other on the cutaneous surface of the cheek. 


ear, finger, or toe in children undergoing cardiac surgery 
with hypothermia. The probe is easy to place, and the 
pressure exercised by it seemed to be small as no pressure 
marks were visible after operations. We found this tech- 
nique to be extremely useful in small children, including 
patients under 3 kg body weight with complex congenital 
heart defects. This is a group of children in whom pulse 
oximetry may be especially useful. 

Gunter (2) suggested that the sensor should be stiffened 
by a piece of metal, before being placed in the mouth, to 
secure it in place. In children, I found this to be unneces- 
sary, as the unmodified probe stayed securely in place 
throughcut the operation. This extremely simple technique 
should b2 considered when pediatric probes are not avail- 
able. 


Guillermo E. Lema, MD 
Department of Anesthesiology 
Catholic University of Chile 
P.O. Box 114-D 

Santiago de Chile, Chile 
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Why 70 Watts to Evaluate Metal 
Tapes for CO, Laser Surgery? 


Key Words: EQUIPMENT, Lasers—flammability. 


To the Editor: 


Are the conclusions of the study by Sosis (1), evaluating 
five metallic tapes for protecting endotracheal tubes during 
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carbon dioxide (CO,) laser surgery, clinically relevant? 
Surgeons usually prefer tracheal tubes much smaller than 
8.0-mm inner diameter, and 70-W power continuous mode 
seems excessive and inappropriate. Strong et al. (2) de- 
scribed 15 W with a time exposure of % s for precise 
microsurgery and 15-25 W continuously for gross dissec- 
tion, and others believed 20 W adequate for laryngeal 
surgery (3). Lately, some find 10 W, and less, satisfactory 
(4), and the trend appears to be toward smaller spot size 
and lower power settings (5). Patel and Hicks (6) reported 
that aluminum tape (Radio Shack No. 44-1155) wrapping of 
red rubber or plastic tubes delayed ignition by the laser at 
continuous 15 W for about 60 s and at continuous 30 W for 
around 25 s. Unfortunately, they did not detail the micro- 
scope-laser arrangement used, or the gaseous environment 
for this particular part of their experiments. However, 
Ossoff (7), utilizing 6.0-mm inner diameter tubes, has 
recently stated that reflective aluminum tapes 3M No. 425 
and Radio Shack No. 44-1155 protected polyvinyl chloride 
tubes from igniting in 100% oxygen when exposed to 180 s 
of continuous mode laser energy at 10, 15, or 20 W. Now 
the surgeon has total visual, positional, and firing contral of 
the laser beam and, even accidentally, should he be likely 
to make contact with a wrapped tube for a small fraction of 
these durations—let alone at 70 W? As Sosis (1) points out, 
reports often fail to specify the type of tape used. They also 
may omit the dimensions of the tape employed (6,7), the 
extent of overlap of each turn of the wrapping (1,6,7,8), or, 
in experiments, whether the laser was aimed at a single or 
a double (i.e., overlap) layer of the aluminum tape (6,7). It 
would be helpful if all of these were always defined. Sosis 
(1) used 0.6-cm (0.25-in) self-adhesive foil tape but 0.4- 
1.0-cm (8) and 1.2-cm (0.5-in) (9) tapes have also been 
recommended. We, unfortunately, have only 1.8- and 
2.5-cm-wide tapes, which we cut to appropriate sizes. 
Overlap suggestions have included “just enough that the 
laser does not get under the edge but not too much or the 
tape will acquire creases” (9), at least 44-2 tape width (10), 
¥% width (11), and at least % width (12) of the previous turn. 

Finally, descriptions of tape wrapping also frequently 
lack detail. I found it an informative exercise to wrap 
various sizes of endotracheal tubes with tapes of different 
widths and degrees of overlap; in this way one gets some 
idea of the way in which these latter might relate to the 
potential for complications. For example, the spiral of the 
tape on the tube is more horizontal for greater overlap, 
more vertical for lesser degrees of overlap, and for any 
degree of overlap a narrower tape can be applied in a more 
horizontal, or less vertical, spiral on the tube than can a 
wider tape. Also, an overlap of half the tape width ensures 
an overall protective double thickness of tape on the tube as 
well as enabling the tape edge to abut against the ridge 
from the previous turn for a possibly smoother surface. 
Lesser degrees of overlap give alternating bands of single 
and double tape layers and thus a lesser overall protection 
to the tube. Flexibility is less with greater overlap, particu- 
larly for wider tapes, and tube flexion can lead to kinking, 
or to crinkling, creasing, edge prominence, or partial tape 
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separation. Gaps exposing the tube to the laser are then 
possible as, also, with small overlaps. Narrow tapes have 
more turns and edges and smaller overlaps. Differing 
circumstances could require compromises. 


R. Williamson, Bsc, MB, ChB, DA 
Department of Anaesthetics 

University of Natal, Faculty of Medicine 
P.O. Box 17639 

Congella 4013 

South Africa 
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In Response: 


I wish to thank Dr. Williamson for his interest in my 
investigations of metallic foil wrapping for the protection of 
endotracheal tubes during CO, laser surgery (1). 

A CO, laser power output of 70 W in the continuous 
mode of operation was chosen in this study to provide the 
most stringent test of foil wrapping endotracheal tubes that 
we could devise. Any foil wrapping satisfactorily protecting 
an endotracheal tube under these conditions should offer a 
comfortable margin of safety when used in clinical practice, 
as long as it is utilized properly. This is important because 
the laser might be inadvertently set to a higher power than 
realized. Also, some surgeons frequently use the continu- 
ous mode even though the pulsed (shuttered) mode is 
considered to be safer. 

As Dr. Williamson correctly notes, newer lasers often 
incorporate a smaller beam diameter. The result is that at a 
given power output, the power density (power/area) of the 
laser will be increased. This will pose a more severe test of 
a foil-wrapped endotracheal tube than would a larger beam 
diameter. 
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Blowtorch ignition of polyvinylchloride endotracheal 
tubes wrapped. with Radio Shack No. 44-1155 occurred in 
our tests. Although such combustion might not occur 
during a less stringent evaluation, I see no reason to use 
this tape clinically when safer ones are available. 

The size 8.0-mm inner diameter endotracheal tubes 
evaluated in my study may often not be appropriate for 
laser airway surgery; however, I believe the results of this 
study will be valid for wrapped endotracheal tubes of other 
sizes. Nevertheless, I encourage testing of the foil-wrapped 
endotracheal tube with the laser before its use. 

Dr. Williamson’s suggestions on the degree of overlap- 
ping to use when wrapping an endotracheal tube with 
metallic foil tape are well taken. They should contribute to 
a smoother external contour of the endotracheal tube. 


Mitchel B. Sosis, MD, PhD 

Department of Anesthesiology 

Rush Presbyterian-St. Luke's Medical Center 
Chicago, IL 60612 
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Systemic Droperidol and Epidural 
Morphine in the Management of 
Postoperative Pain 


Key Words: PAIN, POSTOPERATIVE—epidural 
droperidol, morphine. ANESTHETIC 
TECHNIQUES, EprpurAL—droperidol, morphine. 


To the Editor: 


In their recent study on the management of postoperative 
analgesia, Naji et al. (1) found that the addition of epidural 
droperidol to epidural morphine reduced the incidence and 
severity of morphine-related side effects. Although a sys- 
temic action of droperidol probably could not explain such 
prolonged effects (which were more likely to be due to 
direct spinal and supraspinal action), this should not be 
tuled out before it has been tested. We conducted a study 
in 40 ASA physical status I patients undergoing elective 
cesarean section under epidural anesthesia. The patients 
received 150 mg of 0.5% bupivacaine with epinephrine 
1:200,000 and 2 mg of morphine in a single epidural 
injection, with no supplemental analgesia being required in 
any case. After delivery, patients were randomly allocated 
to two different groups of 20 each, one of which received 
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Table 1. Incidence of Side Effects 

With droperidol Without droperidol 
Pruritus 4h 12/20 15/20 
Requiring treatment 3/20 4/20 
Pruritus 24 h 15/20 13/20 
Requiring treatment 1/20 4/20 
Vomiting 4h 1/20 1/20 
Vomiting 24 h 2/20 2/20 
Somnolence 4 h 16/20 9/20° 
Somnolence 24 h 9/20 5/20 
Patients requiring 2/19 0/20 


urinary catheter 


“P < 0.05 compared with the group with droperidol. 


2.5 mg of intravenous droperidol. Patients had indwelling 
urinary catheters in place for 4 h after surgery and received 
supplemental 50 mg of intramuscular diclofenac every 6 h 
for postoperative analgesia. Patients were visited by a 
nurse who was blinded to the drugs used 4 and 24 h after 
the induction of epidural anesthesia to assess quality of 
postoperative analgesia and morphine-related side effects. 
All patients were satisfied with the quality of analgesia, and 
no patient required additional medication in the first 24 h. 
The incidence of side effects in both groups (Table 1) was 
compared by testing the difference between two population 
proportions, considering the data to have a normal distri- 
bution. A P value of <0.05 was considered to be statistically 
significant. 

The results suggest that the systemic effects of droperi- 
dol are of no clinical significance in reducing the side effects 
of epidural morphine. A direct spinal or supraspinal effect 
is more likely to be responsible for that. 


José Carlos Almeida Carvalho, MD 
Roberto Simao Mathias, MD 
Waldir Garcia Senra, MD 

Marcelo Luis Abramides Torres, MD 
Constaniin Adam, MD 

Alberto Vasconcelos, MD 

José Edison de Moraes, MD 

Sonia Regina Corrallo, RN 
Department of Anesthesiology 

University of São Paulo and 

Maternidade Pré Matre Paulista 

Avenida Macuco 49 Apto 21 

04523 São Paulo, Brazil 
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Obstetric Anesthesia. Anesthesia Clinics of 
North America, Volume 8, No. 1. 

L. S. Reisner, ed. Philadelphia: W. B. Saunders, 1990, 221 
pp, $27.00 for single issue or $86.00 for annual 
subscription. 


This issue of the Anesthesiology Clinics of North America 
deals with 13 select topics of interest in obstetric anesthesia. 
A particularly noteworthy article is the one entitled “AIDS: 
Concerns for the Obstetric Care Provider.” This is an 
escalating problem and a concern of great magnitude that 
we confront in the 1990s. This outstanding article presents 
the most current information on AIDS including the Cen- 
ters for Disease Control serologic surveys of AIDS in 
pregnant women and infants, the diagnostic testing effects 
of pregnancy on HIV-related disease, and the effects of HIV 
itself on pregnancy. Furthermore, it addresses the impact 
of various types of anesthetics and operations on AIDS. 

Another article of particular interest that is not normally 
encountered in standard obstetric anesthesia textbooks is 
that on oxytocics, tocolytics, and prostaglandins. This arti- 
cle has a comprehensive discussion on the physiology of 
myometrium and the physiologic and side effects of drugs 
that have opposing actions on the uterus, namely the 
oxytocics, prostaglandins, and tocolytics. 

Chapters discussing rapidly evolving areas of obstetric 
anesthesia, such as the one on the pharmacologic aspects of 
local anesthetic use and anesthetic care of the patient with 
preeclampsia, include the most current developments in 
these areas as well as the controversial aspects. 

The chapters on anesthesia for uncomplicated vaginal 
delivery and nonobstetric surgery contain current refer- 
ences. However, the chapters on systemic analgesia in 
labor and delivery and epidural analgesia for labor and 
delivery can be obtained from any standard obstetric anes- 
thesia text. 

The chapter on anesthesia for cesarean section was of 
particular interest in that it emphasized the use of local 
anesthesia for cesarean section. As mentioned by Reisner, 
the use of local anesthesia for cesarean section is a lost art. 
This reviewer has used this technique at least twice in the 
last 4 to 5 years and found it invaluable in dire situations, 
coupled with a compromised airway. Local infiltration 
anesthesia is tenable when a midline incision is used, 
exteriorization of the uterus is avoided, and one has a 
gentle surgeon. 
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The chapter on critical care for the pregnant patient was 
disappointing. This chapter had piecemeal discussions on 
induced hypotension in the pregnant patient with intra- 
cranial aneurysms, hemodynamics in preeclampsia, vaso- 
pressors, and vasodilators. The reader will best be served 
by referring to a text on critical care in obstetric patients. 

In summary, this book is not comprehensive but does 
contain some excellent, up-to-date material on various 
medical conditions and procedures encountered daily in 
the obstetric suite. 


Maya S. Suresh, MD 
Department of Anesthesia 
University of Texas Medical School 
Galveston, Texas 


Fiberoptic Airway Endoscopy in Anesthesia 
and Critical Care 

Andranik Ovassapian. New York: Raven Press, 1990, 172 
pp, $105.00. 


The incorporation of fiberoptic endoscopy as an essential 
component of the anesthesiologist’s armamentarium is due 
in no small part to the efforts of Andranik Ovassapian and 
his colleagues at Northwestern University. This mono- 
graph is an additional step in their efforts to popularize the 
technique. The introductory four chapters deal with the 
principles of fiberoptic endoscopy, gross and radiographic 
anatomy of the airway, and a detailed description of topical 
anesthesia—so essential for successful fiberoptic examina- 
tion and intubation. Included in the latter chapter is a 
superficial review of the pharmacology of the applicable 
local anesthetics. The next three chapters detail the author's 
extensive experience with fiberoptic intubation of the tra- 
chea and the bronchi in the operating suite as well as in the 
critical care arena. 

Explicit directions are provided for the novice in the 
placement of both single- and double-lumen tubes. High- 
quality line drawings and photographs of the image viewed 
through the fiberscope provide basic instruction as well as 
numerous “tricks of the trade.” The chapters on the dif- 
ficult airway and the difficult intubation illustrate once 
again the need for all anesthesiologists to be facile with 
these techniques. If further reinforcement is needed, it is 
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provided by the 10 case reports that follow. The last 
chapter, written with the late Michael Dykes who is well 
known for his interest in education in anesthesia, provides 
a step-by-step scheme for teaching and learning fiberoptic 
endotracheal intubation. 

The careful reader will be momentarily distracted by the 
occasional intermingling of inches and centimeters, the use 
of the singular where the plural is indicated, and the 
confusion over the similarities between the Carlens, White, 
and Bryce-Smith double-lumen tubes. These minor flaws, 
however, do not detract from the overall usefulness of the 
work. This monograph should be read carefully by any 
neophyte planning to become familiar with these tech- 
niques. The author’s admonition: “Unfortunately, self in- 
struction without the guidance of an expert is associated 
with such a high incidence of failure that many become 
disenchanted with the technique” must always be borne in 
mind. No text, no matter how well written and well 
illustrated can substitute for expert instruction and constant 
practice. 


Howard L. Zauder, MD, PhD 
Albuquerque, New Mexico 


Envisioning Information 
Edward R. Tufte. Cheshire, Conn.: Graphics Press, 1990, 
126 pp, $48.00. 


What do the following have in common: Japanese weather 
charts, illustrations from Galileo Galilei’s History and Dem- 
enstrations Concerning Sunspots and Their Phenomena, Mrs. 
Ks annotated hospital bill, and a table of the criminal 
activity of government informants? They are all efficient, 
data-dense, clear presentations of information and are 
representative of the wondrous examples from Edward 
Tufte’s newest book Envisioning Information. Tufte’s earlier 
work, The Visual Display of Quantitative Information, pub- 
lished in 1983, is recognized as a classic in the field of visual 
presentation of statistical information, and Envisioning In- 
formation should achieve the same status. 

The book is organized into six chapters, the first of 
which is entitled “Escaping Flatland.” Scientists, cartogra- 
phers, statisticians, and educators attempt to preserve the 
multidimensional quality of information on the two- 
dimensional surface of the printed page. Techniques and 
examples for avoiding one-dimensional or two-dimensional 
data display (flatland) are the basis of the first chapter and 
form the central thrust of the book as a whole. Data can 
have a multidimensional richness that has nothing to do 
with unnecessary adornment or “chartjunk.” Tufte reem- 
phasizes an important theme from his earlier work: if the 
data are so uninteresting as to need diversionary window 
dressing, then the author has the wrong data. 

“Macro/Micro Readings,” the subject of Chapter 2, de- 
scribes the overall effect (macro reading) of an illustration 
and the clarifying effect of minute detail (micro reading). 
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The usual design approach to graphic information is to 
delete detail and to simplify. Tufte advocates an unconven- 
tional approach, which is “to clarify, add detail.” Chapter 
3, the “Layering and Separation” of elements, is a beautiful 
demonstration of “What matters—inevitably, unrelenting- 
ly—is the proper relationship among information layers.” 
The thickness of line, the choice of color, and the choice of 
type style, size, and weight all can serve to enhance or 
destroy a table or a figure. In an example drawn from 
medicine, the improvement in the readability of an electro- 
cardiogram is marked when the grid of the recording paper 
is changed from heavy black lines to a toned-down grid. 
The grid stays in the background (layering), and the tracing 
emerges (separation) with added clarity. 

Chapters 4, 5, and 6 describe more advanced design 
strategies, many of which will be surprisingly familiar to 
the physician. The chapter entitled “Small Multiples,” for 
example, elaborates the differences between objects or 
changes with time by repeating the design under differing 
conditions. For example, dozens of images from a CT scan 
can be readily interpreted once the viewer is oriented and 
understands the progression of the slices. 

Envisioning Information is more general in its scope and 
less limited to statistical information display than Tufte’s 
earlier work. It does, however, provide the scientist/reader 
with a useful framework for planning the display of data. 
Each page demonstrates clarity of design, legibility, and 
readability. Although many figures would not fare well if 
translated unmodified to 35-mm slides, the graphic exam- 
ples shine when printed on paper because they are meant 
for close scrutiny. Whether examined closely or merely 
skimmed, this book is quite simply a joy to read and is a 
worthy companion to The Visual Display of Quantitative 
Infermation. 


Mark S. Schreiner, MD 
Children’s Hospital of Philadelphia 
University of Pennsylvania 
Philadelphia, Pennsylvania 


Postanesthesia Care Unit Problems. 
Anesthesiology Clinics of North America, 
Volume 8, No. 2. 

G. Shapiro, ed. Philadelphia: W. B. Saunders, 1990, 217 
pp, $69.00. 


Quality assurance should apply to books as well as to 
clinical care, and this monograph is a prime example of the 
need for quality assurance techniques. Although the guest 
editor describes the central theme of this book as the 
management of postanesthesia problems, and although 
understanding problems is the key to preventing harm and 
pratecting the patient, and although the statement is made, 
“No sensible choice of patient management can be made 
without careful analysis of the advantages and disadvan- 
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tages of each course of accion,” the quality of care taken 
with this text is substandard. 

One problem with this book is its unevenness, not 
uncommon in multiauthored, multiinstitutional texts. Two 
chapters—The Management of Fluid and Electrolyte Prob- 
lems, and Ventilatory and Pulmonary Management— 
provide background material more appropriate to a surgical 
or medical intensive care unit. Once more specialized 
subjects, such as the obstetric recovery room, postanes- 
thetic pediatric problems, and ambulatory surgery postan- 
esthesia care units (PACUs) are discussed, the writing 
becomes more targeted, focused, and useful. The opening 
chapter on PACU administration and staffing is a helpful 
overview but misses one crucial element: transfer of author- 
ity from anesthesiologist to PACU nurse. The chapter on 
ventilatory and pulmonary management reads like a med- 
ical intensive care unit text, inappropriate for anesthesiol- 
ogists and PACU nurses in a short-term recovery room 
environment. Very little information is presented on the 
airway and respiratory problems commonly encountered in 
the PACU. Essentially no information is presented concern- 
ing the effects of residual anesthesia on postoperative 
respiratory depression or hypoxic ventilatory drive, yet two 
and a half pages are devoted to the subject of aspiration 
pneumonia, fortunately a rare event in the operating room 
and even rarer in the PACU. Although the authors mention 
the need for pulse oximetry in the PACU, they refer to an 
operating room study of pediatric patients to justify this 
statement. Finally, the authors describe three types of 
respiratory failure: type III is known as perioperative respira- 
tory failure and is characterized by low Po, associated with 
and partly caused by an elevated Paco,. This description is 
referenced to the Proceedings of the Fourth World Congress on 
Intensive and Critical Care Medicine, 1985—a clearly outdated, 
not refereed, nor even a widely available publication. 

On the other hand, the chapter on the obstetric recovery 
room is a well-written, concise, useful treatise, particularly 
for those not familiar with obstetrical recovery rooms or for 
those who deal infrequently with obstetrical patients. 

The management of postanesthesia pediatric problems 
is quite complete, yet contains numerous errors, e.g., an 
extrinsic muscle of the larynx is called a thyroid muscle, the 
statement that “weaning from ventilatory support should 
include blood gases which are stable with an Fro, of less 
than 0.5 and an arterial Po, of more than 6 mm Hg,” and 
many incorrect references. When discussing placement of 
endotracheal tubes, no mention is made of the new, non- 
invasive endotracheal tube locator. On the subject of allow- 
able whole blood loss in pediatric surgical patients, the 
author states that one should obtain a final postoperative 
hematocrit of not less than 30% for infants and children and 
40% for premature infants and newborns, and this is 
referenced to a 1977 article. Yet no commentary is offered 
on this statement. This chapter, in particular, contains 
more spelling errors than the others, but the most egre- 
gious error is that many of the references are incorrectly 
numbered. Dogmatic and controversial statements that the 
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reader might wish to investigate do not correlate with the 
reference number indicated. 

Discussion of neurosurgical patients in the PACU is 
superficial and full of platitudes, offers little additional 
knowledge, and is loaded with bibliographic errors. The 
coauthor’s name of the legal chapter within this book is 
misspelled within the bibliography of the neurosurgical 
chapter. 

Two chapters concerning hypothermia and hyperther- 
mia are models of excellence, particularly the concise, 
declarative, and informative chapter on diagnosis and 
treatment of hyperthermia in the PACU. However, no 
mention is made of the value of peripheral venous blood 
gases in diagnosing malignant hyperthermia, although 
arterial blood gases are said to be very useful in supporting 
the diagnosis. What could have been a useful chapter on 
problem management in the ambulatory surgery PACU 
contains many dogmatic statements, such as one advocat- 
ing the use of narcotics to reduce the incidence of nausea 
and vomiting in the PACU. Unfortunately, this chapter, 
which ends with 20 references, has no numbered refer- 
ences within the text to which the reader can refer to 
document the author's controversial statements. 

In an important chapter, Pain Management in the 
PACU, the authors discuss narcotic loading in the operat- 
ing room as a useful approach to postoperative analgesia. 
They do not mention the profound respiratory depression 
that can occur within the PACU in patients who are 
unusually sensitive to narcotics or who, when receiving 
narcotics in combination with numerous other drugs ad- 
ministered intraoperatively, breathe ineffectively in the 
early postoperative period. This reviewer takes issue with 
the authors’ statement that major side effects of respiratory 
depression and oversedation from narcotics are rarely seen 
in the acute postoperative setting if patients are carefully 
watched over a reasonable period of time. Too many cases 
of respiratory, then cardiac arrest, occur within the first 
hour of the PACU in patients who were “awake and 
responsive” on admission to the PACU. No mention is 
made of intercostal blocks for postoperative pain relief, 
particularly after thoracotomies, although a section on 
intrapleural analgesia is included. In general, the fluid and 
electrolyte chapter covers information well beyond the time 
frame of the PACU. 

Finally, the chapter on legal problems in the PACU is an 
interesting exposition on problems of authority, patient 
management, and triage from a case-law point of view. 
This chapter does contain some information on transferring 
responsibility to PACU nurses when the anesthesiologist 
leaves the PACU after admitting the patient. 

Many PACU problems are not discussed or only men- 
tioned in a specialized context. For example, the subject of 
hypertension, a most common PACU problem, is not 
covered except as it pertains to neurosurgical patients, 
certainly not generalizable to the normal adult PACU 
population. Hypotension and hypovolemia are only cov- 
ered in the chapter on obstetrical recovery. Except for a few 
chapters (some of which still contain significant flaws), this 
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book does not provide the reader with a quality product to 
which he or she is entitled. 


David J. Cullen, mp 
Harvard Medical School 
Massachusetts General Hospital 
Baston, Massachusetts 





Clinical Applications of Ventilatory Support 
R. R. Kirby, M. J. Banner, and J. B. Downs, eds. New 
York: Churchill Livingstone, 1990, 546 pp, $69.95. 


Clinical Applications of Ventilatory Support will serve anesthe- 
siologists and the critical care community as both a refer- 
ence text and a book for practical application in the inten- 
sive care unit or the operating room. It is especially cogent 
for the practice of anesthesiology in that many of the 
chapters include equipment considerations and principles 
that are applicable in these two areas. The book includes 
discussions of operating room ventilatory equipment and 
special ventilatory problems in the operating room. There is 
some overlap between chapters, for example, with ventila- 
tory classification schemes and discussions of flow and 
pressure generators for the ventilators. Because the various 
chapters discuss different aspects of these topics, their 
redundancy is not great. However, there is no cross- 
referencing between chapters within the text itself, al- 
though the index does include reference to all pages for a 
single topic discussed in several places. 

The introduction of this book is interesting in and of 
itself. The discussion begins in Vesalius’ time (mid-1500s) 
and proceeds to current ventilatory principles and applica- 
tions. The chapter is entertaining if not educational read- 
ing. Although there are many excellent chapters, three of 
particular value to the anesthesiologist will be mentioned. 

The chapter on ventilation during anesthesia distin- 
guishes this book from others on ventilatory support. The 
equipment in the operating room versus the intensive care 
unit is discussed in some detail; there is also a major section 
on anesthesia ventilators. Anesthesia breathing circuits and 
the interaction between the anesthesia machine and the 
ventilator receive detailed attention. These sections focus 
on delivering ventilatory support rather than on delivering 
anesthesia. 

The chapter on medicolegal considerations is an excel- 
lent review of landmark cases and quotes decisions handed 
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down mostly from higher courts. The discussion is divided 
into clinical situations based on competency of the patient, 
terminal disease, living well, and “do not resuscitate or- 
ders.” Further, the chapter discusses seeking judicial ruling 
and informed consent. This chapter should probably be 
read by every medical student. It is a succinct review of 
mecicolegal considerations for one narrow but important 
part of medicine. The well-organized approach demon- 
strates principles of dealing with medicine and the law. 

The penultimate chapter discussed the ventilators them- 
selves, is over 100 pages long, and appears to be a conden- 
sation of the same editors’ book on mechanical ventilators. 
There are excellent schematic drawings of a variety of 
marketed ventilators with lucid discussions of controls, 
operation, monitors/alarms, and safety features. 

Clinical Applications of Ventilatory Support is an excellent 
text and reference book. It is carefully edited and should 
serve both as a refresher and reference for the seasoned 
practitioner and as an excellent text for senior-level resi- 
denis. 


M. Christine Stock, MD 
Emery University 
Atlanta, Georgia 
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Asynergy of effects and 
advantages 


Co-induction—when two or more agents rather 

than one are used for induction—may offer clinical 

benefits if there is anesthetic synergy. Specifically, 

subanesthetic doses of each agent may produce 

a prompt, short-acting effect with more stable 
hemodynamics than one 


agent alone.’ 

Aclassic example of 
synergy is mutual enhance- 
ment of receptor-site affin- 


ity: e.g., a benzodiazepine 
such as VERSED may alter 
barbiturate receptors ina 
way that enhances barbi- 
turate effects. Likewise, a 
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barbiturate may potentiate 
a benzodiazepine by acting at its receptor sites.?* 


Lower doses of both agents 


Several studies have shown that a small initial dose of 
VERSED will allow lower induction doses of thiopental, 
methohexital, fentanyl, alfentanil or ketamine.'*° 

In one study of 90 unpremedicated ASA Class | & I! 
patients, co-induction with VERSED followed by thiopen- 
tal required just 1/4 of each drug’s usual EDgo.° 


Lower risk of breakthrough 
awareness 


VERSED produces a marked amnestic effect. 
Therefore, a VERSED co-induction may reduce the 
possibility of recall (e.g., during intubation) in the event 
of lightening of anesthesia with short-acting hypnotics 
such as thiopental or propofol. 


Dosing considerations with 
VERSED?” (midazolam HCI/Roche)G 


As a standard precaution, prior to |.V. administration of VERSED in any 
dose, oxygen and resuscitative equipment should be immediately avail- 
able. VERSED should be used as an induction agent only by persons 
trained in anesthesiology and vho are familiar with all dosing and adminis- 
tration guidelines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with limited 
pulmonary reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., 
drowsiness) are gone or until the day after anesthesia. The decision must 
be individualized. 
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Intravenous VERSED has been associated with respiratory depression and 
respiratory arrest, especially when used for conscious sedation. in some cases, 
where this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenous VERSED should be used only in hospital 
or ambulatory care settings, including physicians’ offices, that provide for continu- 
ous monitoring of respiratory and cardiac function. Immediate availability of 
resuscitative drugs and equipment and personne! trained in their use should be 
assured, (See WARNINGS.) 

The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concami- 
tant narcotics or other CNS depressants. The initial dose and all subsequent doses 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 

1 mg/mL formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is recom- 
mended to facilitate slower injection. Consult complete product information unde” 
DOSAGE AND ADMINISTRATION for complete dosing information. 





CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. 
Benzodiazepines are contraindicated in patients with acute narrow angle glaucoma; 
may be used in open angle glaucoma only if patients are receiving appropriate 
therapy. 
WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personnel for maintenance of a patent airway and support of 
ventilation. Continuously monitor for early signs of underventitation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures 
are taken immediately. Vital signs should continue to be monitored during the 
recovery period. Because IV VERSED depresses respiration, and opioid agonists and 
other sedatives can add to this depression, it should be administered as an induction 
agent only by a person trained in general anesthesia and should be used for con- 
scious sedation only in the presence of personne! skilled in early detection of under- 
ventilation, maintaining a patent airway and supporting ventilation. For conscious 
sedation, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred. These have included respiratory depression, apnea 
respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diagnas- 
tic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premedicated 
with narcotic. 
Reactions such as agitation, involuntary movements, hyperactivity and combative- 
ness have been reported. These may be due to inadequate or excessive dosing or 
improper administration; however, the possibility of cerebral hypoxia or true paradcxi- 
cal reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
tisk of underventilation or apnea and may contribute to profound and/or prolonged 
drug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 
Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED, 
Patients with chronic renal failure and patients with congestive heart failure eliminats 
midazolam more slowly. Because elderly patients frequently have inefficient function 
of one or more organ systems, and because dosage requirements have been shovm 
to decrease with age, reduce initial dosage and consider possibility of a profound 
and/or prolonged effect. 
Do not administer in shock, coma, acute alcohol intoxication with depression of vital 
signs. Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation. 
Gross tests of recovery from the effects of VERSED cannot alone predict reaction 
time under stress. This drug is never used alone during anesthesia, and the contribu- 
tion of other perioperative drugs and events can vary. The decision as to when 
patients may engage in activities requiring mental alertness must be individualized; it is 
recommended that no patient should operate hazardous machinery or a motor 
vehicle until the effects of the drug, such as drowsiness, have subsided or until the 
day after anesthesia, whichever is longer. 
Usage in Pregnancy: An increased risk of congenital malformations associ 
ated with the use of benzodiazepines (diazepam and chlordiazepoxide) has 

_ been suggested in several studies. If VERSED is used during pregnancy, 
apprise the patient of the potential hazard to the fetus. 
PRECAUTIONS: General: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 
VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 
Information for patients: Communicate the following information and instructions tc 
the patient when appropriate: 1. inform your physician about any alcohol consump- 
tion and medicine you are now taking, including nonprescription drugs. Alcohol has 
an increased effect when consumed with benzodiazepines: therefore, caution should 
be exercised regarding simultaneous ingestion of alcohol and benzodiazepines. 
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2. Inform your physician if you are pregnant or are planning to become pregnant. 

3. Inform your physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication, 
particularly narcotics (e.g., morphine, meperidine, fentanyl} and also secobarbital and 
Innovar {fentanyl and droperidol). Consequently, adjust the dosage according to the 
type and amount of premedication. 

A mocerate reduction in induction dosage requirements of thiopental (about 15%) has 
been roted following use of IM VERSED for premedication. 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, 
VERSED and pancuronium have been used together in patients without noting 
clinicaly significant changes in dosage, onset or duration. VERSED does not protect 
against the characteristic circulatory changes noted after administration of succinyl- 
choline or pancuronium, or against the increased intracranial pressure noted following 
admin stration of succinylcholine. VERSED does not cause a clinically significant 
changa in dosage, onset or duration of a single intubating dose of succinyicholine. 
No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, 
diazecam, hydroxyzine, d-tubocurarine, succinylcholine and nondepolarizing muscle 
relaxants) or topical local anesthetics (including lidocaine, dyclonine HCI and 
Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolarn has not been shown to interfere with 
clinica laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was admin- 
isterec to mice and rats for two years. At the highest dose (80 mg/kg/day) female 
mice Fad a marked increase in incidence of hepatic tumors and male rats had a small 
but sicnificant increase in benign thyroid follicular cell tumors. These tumors were 
found after chronic use, whereas human use will ordinarily be of single or several 
doses 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show 
evider ce of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not 
recommended for obstetrical use. 

Nursing mothers: it is not known whether midazolam is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be exercised when 
injecteble VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 have not been 
establshed. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespira- 
tory events and possible paradoxical reactions, Fluctuations in vital signs 
following parenteral administration were the most frequently seen findings and 
included decreased tidal volume and/or respiratory rate decrease (23.3% of patients 
following IV and 10.8% of patients following IM administration) and apnea (15.4% of 
patients following IV administration), as well as variations in blood pressure and pulse 
rate. 

Following IM injection: headache (1.39%); local effects at IM site: pain (3.7%), indura- 
tion (0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV administration: 
hiccoughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%, headache (1.5%), drowsiness (1.2%); local effects at the IV site: tenderness 
(5.6%., pain during injection (5.0%), redness (2.6%), induration (1.796), phlebitis 
(0.4%. . Other effects (<1%) mainly following IV administration: Respiratory: 
Laryngospasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow 
respirations, airway obstruction, tachypnea. Cardiovascular: Bigeminy, premature 
ventricular contractions, vasovagal episode, tachycardia, nodal rhythm. 
Gastrointestinal: Acid taste, excessive salivation, ratching. CNS/Neuromuscular: 
Retrograde amnesia, euphoria, confusion, argumentativeness, nervousness, anxiety, 
grogg ness, restlessness, emergence delirium or agitation, prolonged emergence 
from enesthesia, dreaming during emergence, sleep disturbance, insomnia, night- 
mares, athetoid movements, ataxia, dizziness, dysphoria, slurred speech, dysphoria, 
paresthesia. Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic 
movements of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss 
of balance, lightheadedness. Integumentary: Hives, hive-like elevation at injection site, 
swelling or feeling of buming, warmth or coldness at injection site, rash, pruritus. 
MiscelJaneous: Yawning, lethargy, chills, weakness, toothache, faint feeling, 
hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and depen- 
dence potential of midazolam suggest that its abuse potential is at least equivalent to 
that o” diazepam. 

OVEF DOSAGE: Manifestations would resemble those observed with other benzodi- 
azepines (@.g., sedation, somnolence, confusion, impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs). No specific organ toxicity would be 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE 
FOR EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, 
REGARDLESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single 
bolus intravenous administration may result in respiratory depression and/or 
arresi. (See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINIS- 
TRATION section in the complete product information. 
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Classified Advertising 


ILLINOIS 
Large, well-established, single-specialty 
group of anesthesiologists seeks additional 
BC/BE anesthesiologists. Challenging op- 
portunity for those interested in a broad- 
based practice. All surgical subspecialties 
represented. Minimal OB and pain man- 
agement. Early partnership. Please send 
CV to Associated Anesthesiologists, S.C., 
5401 North Knoxville, Suite #49, Peoria, IL 
61614. 
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CALIFORNIA 
From time to time faculty positions as an 
Assistant Professor become available in the 
Regular Professorial Series (Tenure Track) in 
the UCLA Department of Anesthesiology. 
Candidates are required to show evidence 
or promise of research productivity and 
scholarly writing. Other requisites include 
clinical and teaching skills; commitment to 
discovery; eligibility for a California Medi- 
cal License; ABA certification or in process. 
Address correspondence with five refer- 
ences and curriculum vitae to Stuart F. 
Sullivan, MD, Department of Anesthesiol- 
ogy, UCLA School of Medicine, Los Ange- 
les, CA 90024-1778. UCLA is an Affirmative 
Action, Equal Opportunity Employer. 
526J/C 


CALIFORNIA 
Faculty positions in the Clinician-Teacher 
Academic Professorial Series in the UCLA 
Department of Anesthesiology are avail- 
able. We are interested in all anesthesia 
subspecialties. Requisites include eligibility 
for a California Medical License and ABA 
certification or in process. Address corre- 
spondence with five references and curric- 
ulum vitae to Stuart F. Sullivan, MD, De- 
partment of Anesthesiology, UCLA School 
of Medicine, Los Angeles, CA 90024-1778. 
UCLA is an Affirmative Action, Equal Op- 
portunity Employer. 
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FELLOWSHIP—PEDIATRIC 
ANESTHESIOLOGY 

The Department of Anesthesiology of Co- 
lumbus Children’s Hospital is expanding 
its fellowship program. Positions are cur- 
rently available for a 1-year fellowship in 
pediatric anesthesiology. Children’s Hospi- 
tal of Columbus, Ohio is a 313-bed general 
pediatric institution with a surgery case- 
load of 13,000-14,000 cases per year. All 
pediatric surgical specialities are repre- 


sented with large case loads in pediatric 
neurosurgery and cardiovascular surgery. 
Regional anesthesia in infants and children 
along with acute/chronic pain management 
experience is available. An active trans- 
plantation service is present. Opportunity 
for research is provided under the guidance 
of a full-time director of research. Inquiries 
should be submitted to J. David Martino, 
MD, Chairman, Department of Anesthesi- 
ology, Columbus Children’s Hospital, Co- 
lumbus, OH 43205. 
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MISSOURI 
The Department of Anesthesiology of St. 
Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty to fill newly created positions 
to meet the needs of the expanding resi- 
dency program and new expanding hospi- 
tal facility. Training and interėsts in the 
subspecialty areas of pediatrics, cardiovas- 
cular, and neuroanesthesia are desirable. 
These clinical/teacher positions will also 
promote academic interests and research 
development. Participation in the resi- 
dency training program is essential. The 
university is committed to affirmative ac- 
tion. Inquiries should be directed to John F. 
Schweiss, MD, Chairman, Department of 
Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

544L/E 


MAINE 
BC or BE MD to join group of three MD 
anesthesiologists and four CRNAs, in the 
practice of anesthesia, intensive care and 
respiratory care. Phone (207) 622-1959 from 
8:30 Am to 3:30 pm. Write to Chief of Anes- 
thesia, Kennebec Valley Medical Center, 6 
East Chestnut Street, Augusta, ME 04330. 
S60L/E 


ANESTHESIOLOGIST 
BC/BE to join group of 10 MDs with CRNAs 
in a large hospital located in a pleasant 
midwestern community on the Great 
Lakes. Busy practice covering all major 
surgical subspecialties plus respiratory/ICU 
involvement and OB. Excellent starting sal- 
ary and benefits package leading to early 
partnership. Send CV to Associated Anes- 
thesiologists of Toledo, Inc., 2409 Cherry 
Street, Suite 4, Toledo, OH 43608. 

566A/C 
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LOCUM TENENS 
Anesthesiologist, MD. Experienced, AMG, 
board certified. Will consider permanent 
situation. Licensed: MO, KS, CO, IA, NC, 
SC, PA, VA, IL, IN, KY, OH, TN; others 
pending. PO Box 1176, Kings Mountain, 
NC 28086; (704) 739-4683 Office, (704) 739- 
1917 Home. 

568A/C 


OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal op- 
portunity affirmative action employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

S71A/F 


SOUTHERN CALIFORNIA 
Olive View Medical Center, a UCLA-affil- 


jated Los Angeles County hospital, is seek- 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions or wishing to announce- 
ments, postgraduate courses, or other pertinent 
events. We require that all advertisements be 
relevant to zhe practice of anesthesia and anal- 
gesia, and we reserve the right to refuse adver- 
tisements that are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the title or key phrase typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 1⁄4 page) is 
available thcough Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126. 

Rates. Ads cost $1.25 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $17.0C per insertion for box number ads.* 

Payment. Full payment or institutional pur- 


chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science Publishing Company, Inc.) 


Deadline. Copy must be received 7 weeks 
before publication date (i.e., by January 1 forthe . 
March issue); multiple-insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase orderrypayment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to: Anesthesia and Analgesia Classified Ads, 
Desk Editorial, Elsevier Science Publishing Co., 
Inc., 655 Avenue of the Americas, New York, 
NY 10010. 

“When responding to a box number ad, in- 
clude the box number on all correspondence. 
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ing academically qualified anesthesiolo- 
gists. Board certified or in process required. 
Training in OB, pediatrics, or neuro de- 
sired. No OH or trauma. Please send CV 
with three references to Anesthesia Search, 
Department of Anesthesiology, Olive View 
Medical Center, 14445 Olive View Drive, 
Sylmar, CA 91342. Equal Opportunity Em- 
ployer. 

573A/C 


ILLINOIS, CHICAGO 

Anesthesiologist BC/BE to join expanding 

group practice limited to outpatient anes- 

thesia. Excellent opportunity for growth. 

Send CV to Marc Sloan, MD, 25 East Wash- 

ington, Suite 300, Chicago, IL 60602. 
574A/F 


WANTED? 
Affable anesthesiologist to join progressive 
fun-loving department in central Vermont 
area. Locate in the mountains. See the 
leaves. 4 MD, 1 CRNA group. We do pain 
cur way. DO IT NOW—send CV to Chair- 
man, Department of Anesthesia, c/o Central 
Vermont Hospital, PO Box 547, Barre, VT 
(5641. A limited time offer. Respond now!! 
580A/D 





CALIFORNIA 
The UCLA Department of Anesthesiology 
has openings for faculty with experience in 
anesthesia for organ transplantation. Req- 
uisites include clinical and teaching skills; 
eligibility for a California medical license; 
ABA certification or in process. Address 
correspondence with names of five refer- 
ences and curriculum vitae to Stuart F. 
Sullivan, MD, Department of Anesthesiol- 
ogy, UCLA School of Medicine, Los Ange- 
las, CA 90024-1778. UCLA is an Affirmative 
Action, Equal Opportunity Employer. 
S84A/F 


THE UNIVERSITY OF NEW MEXICO 
A reorganized, expanding Department of 
Anesthesiology in the “Land of Enchant- 
ment” has seven immediate openings at 
the Assistant and Associate Professor lev- 
els. Responsibilities include teaching of 
medical students and residents and the 
provision of clinical care in a busy tertiary 
referral center. Opportunities to pursue re- 
search interest will be provided. Experience 
in cardiac, obstetric, neurosurgical, and pe- 
diatric anesthesia is desirable. Qualified 
candidates should address inquiries to 
James C. Scott, MD, Associate Professor 
and Acting Chairman, Department of An- 
esthesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106, (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
585A/F 


Cardiac anesthesiologists and Director of 
Obstetric Anesthesiology sought tor aca- 
demic medical center practice. Car.didates 
for obstetric position must have experience 
in all types of obstetric anesthesia. Interest 
in research and teaching highly desirable. 
Present staff of 25 MDs, over 40 CRNAs, 
and over 20 residents provides challenging 
anesthesia care team setting. OR area con- 
tains state-of-the-art equipment in 20 new 
or renovated suites. Interested applicants 
should send CV and three references to: 
Dr. Philip Lumb, Professor and Chairman, 
Albany Medical College, Department of 
Anesthesiology, Code A-131, Albany, NY 
12208. EOE 

592B/F 


WISCONSIN 
Anesthesiologist BC/BE to work with four 
MDs in 200+ bed hospital and surzicenter 
midway between Milwaukee and Chicago. 
Fee for service. Send CV and references to 
Dr. I. Romana, PO Box 594, Kenosha, WI 
53141. 

597B/E 


INDIANA 
Faculty positions are available at all aca- 
demic ranks for adult anesthesia. Positions 
include teaching and administrative re- 
sponsibilities as well as opportunities to 
pursue research interests. Experience in 
pain management and organ transplanta- 
tion is desirable. All candidates must be 
board certified or board eligible. Individu- 
als appointed to the tenure track will be 
required to maintain an active and ongoing 
research program. Please send curriculum 
vitae to Robert K. Stoelting, Professor and 
Chairman, Department of Anesthesia, In- 
diana University School of Medicine, 1120 
South Drive, Fesler Hall 204, Indianapolis, 
IN 46202-5115. Indiana is an equal oppor- 
tunity employer. 

599B/D 


OREGON 
Fellowship—Pain Management. July 1991 
and July 1992 Fellowship positions avail- 
able for physicians who have completed 
clinical anesthesia training. Setting is a 
multidisciplinary pain managemert center 
that deals with the entire range of acute 
and chronic outpatient and inpatient pain 
problems. Experience offered in most diag- 
nostic and therapeutic procedures includ- 
ing intraspinal narcotics and stimulators, 
cryo, regional blockade, PCA. An active 
research program exists and participation 
by fellow is encouraged. Please send CV 
and names of three references to Wendell 
C. Stevens, MD, Chairman, Deparcment of 
Anesthesiology, Oregon Health 5ciences 
University, 3181 S.W. Sam Jackson Park 
Road, Portland, OR 97201. 

600B/D 


NEW HAMPSHIRE 
Excellent opportunity for BC/BE anesthesi- 
ologist to join two-person group. Surgical 
cases include OB/GYN, urology, ENT, oph- 
thalmology, Peds, Ortho, and vascular and 
general surgery. Position open due to enor- 
mous growth in surgical base. Partnership 
position includes competitive compensa- 
tion and benefit package. NH is a tax-free 
state that enjoys year-round recreational 
and cultural opportunities. This position 
combines a challenging practice with a 
quality lifestyle that is rare in this age of 
corporate medicine. For additional infor- 
mation call or write: Martin Rosenberg, 
Director of Professional Services, Valley 
Regional Hospital, 243 Elm Street, Clare- 
mont, NH 03743; (603) 543-1606. 

601B/D 


DEPARTMENT OF ANESTHESIOLOGY, UNI- 
VERSITY OF CALIFORNIA, SAN DIEGO 
is recruiting for five faculty positions at all 
ranks. One position is the Director of the 
UCSD Pain Management Program. Appli- 
cants for this position must have experi- 
ence in all aspects of inpatient and outpa- 
tient pain management and have extensive 
experience in pain research and treatment. 
Applicants must demonstrate motivation to 
expand a pain management center and be 
able to direct a clinical pain research pro- 
gram involving protocol-driven human 
studies. The four other positions require 
experience in teaching and clinical training, 
patient care, and research interest or expe- 
rience is preferred. One position requires 
demonstrated experience in critical care. 
One position requires subspecialty training 
and experience in obstetric anesthesia. One 
of the five positions may be tenured track. 
Otherwise the positions are non-tenured 
track. Rank and salary commensurate with 
experience and based on the UCSD School 
of Medicine Faculty Compensation Plan. 
Must be board certified or board eligible in 
anesthesiology and a California medical 
license is required. Possession of a certifi- 
cate of special qualifications in critical care 
medicine or eligibility to take the qualifying 
exam is required for the critical care posi- 
tion. Please send letter, curriculum vitae, 
and names/addresses of three references to 
Harvey M. Shapiro, MD, Department of 
Anesthesiology, H-770-A, University of 
California San Diego Medical Center, 225 
Dickinson Street, San Diego, CA 92103. 
The University of California, San Diego is 
an equal opportunity/AA employer. All ap- 
plications received by April 30, 1991 will 
receive thorough consideration. 

603B/D 


Two full-time faculty positions at the Assis- 
tant/Associate/Full Professor level. The po- 
sition requires abilities appropriate for a 
University position. Applicants must be 
board eligible and meet California license 
requirements. Responsibilities include in- 
struction in the various aspects of anesthe- 
siology; clinical service; clinical and/or basic 


science research; and publication of schol- 
arly articles. Send curriculum vitae, bibliog- 
raphy and names of three to five (3-5) refer- 
ences to Gerald Gronert, MD, Professor and 
Acting Chair, Anesthesiology Department, 
University of California, Davis, Medical 
Center, 2315 Stockton Boulevard, Sacra- 
mento, CA 95817. Position open until April 
30, 1991. We are an Equal Opportunity/ 
Affirmative Action Employer. 

609BC 





Tertiary care hospital in Cleveland, Ohio 
currently seeking BC Division Director to 
join group of four anesthesiologists, direct- 
ing nine anesthetists through a team ap- 
proach. Surgical schedule includes OHS, 
trauma, minimal pediatrics, no OB. Send 
CV to Aldona T. Lyon, MD, Acting Direc- 
tor, Division of Anesthesiology, Saint Vin- 
cent Charity Hospital and Health Center 
2351 East 22nd Street, Cleveland, OH 
44115. 

610CD 


VIRGINIA 
Group of eight anesthesiologists at two 
community hospitals looking to immedi- 
ately expand. Positions available for BC/BE 
anesthesiologists in the Tidewater Virginia. 
Beautiful area on the Chesapeake Bay, ex- 
cellent for families. Managing CRNAs. No 
open-heart, some pain experience favored. 
A. Goldman, MD, 21 River View Drive, 
Paquoson, VA 23662. 

611C 


PLANNING TO RETIRE AND MOVE TO 
FLORIDA—-WHY WAIT? 
Established group looking for anesthesiol- 
ogist who would like to spend a few prac- 
tice years before retirement in a Florida 
Gulf Coast Outpatient Specialty Clinic su- 
pervising one CRNA. Working conditions 
are a relaxed and pleasant day job (no 
nights, weekends, holidays) with no ad- 
ministrating or office responsibilities. If 
practice hassles, high stress cases, and call 
responsibilities are getting to be too much, 
this one is for you. Area offers outstanding 
outdoor activities, professional sports and 
cultural events. Must have a Florida li- 
cense. Reply to Box 612CD. 

612CD 


FLORIDA 
Central Florida Area—Excellent opportu- 
nity for MD with fellowship or extensive 
clinical experience in chronic pain manage- 
ment. Salary to partnership. Reply Box 
613C/E. 

613C/E 





BE/BC ANESTHESIOLOGIST 
SW PA, 300-bed, modern community hos- 
pital to work with 3 MDs and CRNAs. 


Competitive starting salary with malprac- 

tice and BC/BS. No open heart, minimal 

OB, minimal neuro. Reply to box 614C/F. 
614C/F 





MASSACHUSETTS 
BC or BE anesthesiologist or CRNA to join 
group of five anesthesiologists to work in 
suburban hospital north of Boston. Hospi- 
tal performs approximately 6000 surgical 
procedures per year. 24-Hour OB coverage. 
Excellent salary and benefits. On-site day 
care. Send CV to S.R. Meka, MD, 5 Wood- 
land Road, Stoneham, MA 02180 or call at 
(617) 979-7000, extension 2826. 

615C 


KENTUCKY 

The Department of Anesthesiology, Uni- 
versity of Louisville School of Medicine, 
Louisville, Kentucky has an opening for a 
BC/BE anesthesiologist. As a faculty mem- 
ber you will be provided the opportunity to 
fulfill the learning requirements of the 36 
residents within our program. 

The University of Louisville School of 
Medicine offers competitive salaries and 
fringe benefits. Applicants please send cur- 
riculum vitae to B. M. Rigor, Sr., MD, 
Chairman, Department of Anesthesiology, 
University of Louisville, Louisville, KY 
40292. The University of Louisville is an 
Affirmative Action, Equal Opportunity Em- 
ployer. 

617C 


MINNESOTA: MEDICAL DIRECTOR 
OUTPATIENT ANESTHESIA 
Excellent opportunity for an experienced 
anesthesiologist to join a single specialty 
group of nine. Medical Director will assist 
in planning and development of new am- 
bulatory care facility at the Saint Cloud 
Hospital. Saint Cloud Hospital is a 489-bed 
regional medical center serving an area of 
440,000 Central Minnesotans. Duties will 
include at least 80% outpatient anesthesia. 
Qualifications: board certification with 
strong interest and experience in outpatient 
anesthesia. Good interpersonal and organi- 
zational skills required. This position offers 
a competitive salary, excellent benefits, and 
limited call duty. St. Cloud is a rapidly 
growing area of 100,000 people located 70 
miles northwest of Minneapolis/St. Paul. A 
clean safe city, St. Cloud offers three uni- 
versities, a wide variety of cultural and 
recreational opportunities, and an ideal 
family environment. Please send CV to 
John Schnettler, Physician Recruiter, Saint 
Cloud Hospital, 1406 6th Avenue North, 
St. Cloud, MN 56303; 1-800-289-6654. 
618CD 





UTAH 
The University of Utah seeks board-certi- 
fied and/or board-eligible anesthesiologist 
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for appointment at instructor to associate 
professor level. Emphasis is given to prom- 
ising or established individuals with exper- 
tise in obstetrical anesthesia. Research 
experience and/or productivity is neces- 
sary. Send curriculum vitae to K.C. Wong, 
MD, PhD, Chairman, Department of Anes- 
thesiology, University of Utah Health Sci- 
ence Center, 50 North Medical Drive, Salt 
Lake City, UT 84132. Equal Opportunity/ 
Affirmative Action Employer. Closing 
Date: Marck. 31, 1991 or until qualified 
candidate identified. 

619C 


ANESTHESIOLOGIST 
Sinai Hospital, an acute-care teaching hos- 
pital, in northwestern Detroit seeks a qual- 
ified anesthesiologist who is board certified 
or in the exam process. Salary will be 
commensurate with experience. The candi- 
date will be expected to participate actively 
in both undergraduate and resident educa- 
tion. Send CV to Mark McNash, Adminis- 
trative Director, Sinai Hospital, 6767 West 
Outer Drive, Detroit, MI 48235. An equal 
opportunity employer. 

620CD 


FLORIDA 
BC/BE Anesthesiologist for expanding am- 
bulatory group practice. Part time/full time 
with no nigh:s, emergencies, OB, or week- 
ends. Please reply to Box 621C/H. 

621C/H 





PAIN FELLOWSHIP 

Expanding Fain Management Center of 
Medical College of Georgia has opening for 
Pain Fellow starting July 1991. Choice of 6 
ar 12 months at competitive salary. Setting 
is interdisciplinary, with focus on return to 
functionality. Busy nerve block clinic, acute 
pain service with PCA and epidural anal- 
gesia, cancer pain management, and ter- 
tiary region-wide referral of large variety of 
complex diagnostic challenges. Growing 
pediatric pain program, including postop, 
encology, and sickle cell crisis. Applicant 
must have completed residency training in 
anesthesiology, be board eligible, and have 
Georgia license. Clinical research encour- 
aged. The Fellow supervises two residents 
plus one student; adequate management 
exposure to direct a pain service on com- 
pletion. Augusta is a clean, pleasant uni- 
versity town near huge lake for boating, 
and a few hours from Atlanta, beach, and 
mountains. 

Inquires to Rudolph H. de Jong, MD, 
(404) 721-PAIN, application packet from 
Susan W. Dawkins, Department of Anes- 
thesiology, Medical College of Georgia, 
Augusta, GA 30912-2700. EEO/AA Em- 
ployer. 

622CD 
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PENNSYLVANIA 
Immediate opening for BC/BE anesthesiol- 
ogist to join 2 MDs and CRNAs in PA. Fee 
for service. Call Dr. Shah, (717) 242-7186, 9 
AM to 5 PM. 

623CD 


ILLINOIS 
Anesthesiologist to join congenial group of 
MDs/CRNAs expanding to provide anes- 
thesia coverage for only hospital in city 
since recent merger. No open heart or 
neurosurgery. Environment conducive to 
family living, variety of schools, recreation. 
Good opportunity with stable future. City 
located in east central Illinois with popula- 
tion of approx. 40,000 (35 mile radius ser- 
vice area with 126,126 population). Within 
driving distance of Chicago and Indiana- 
polis. Please send CV to Box 624C/H. 
624C/H 


ALABAMA—ANESTHESIOLOGIST 
Faculty position for clinical BC/BE anesthe- 
siologist at University of Alabama at Bir- 
mingham, Department of Anesthesiology. 
Opportunities to do clinical research, vari- 
ety of clinical cases including liver trans- 
plantation. Desire to participate in teaching 
necessary. Limited night call. Generous 
benefit package. Salary competitive with 
private practice situations. Located in 
downtown Birmingham; city rated ““Amer- 
ica’s most livable city” by U.S. Conference 
of Mayors, June 1989, and rated by News- 
week, February 1989, as “‘one of the nation’s 
top 10 hot cities.” Please contact Simon 
Gelman, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity of Alabama at Birmingham, 619 
South 19th Street, Birmingham, AL 35233, 
(205)934-4696. An Affirmative Action/Equal 
Employment Opportunity Employer. 
626C/F 


DIRECTOR, PAIN MANAGEMENT SERVICE 
The Department of Anesthesiology at the 
Oregon Health Sciences University is re- 
cruiting for a Director of our Pain Manage- 
ment Service. The Service encompasses 
management of acute and chronic pain, 
craining of medical students, residents, and 
fellows and research. The Service provides 
a multidisciplinary approach to pain con- 
trol and has vigorous clinical psychology 
and neuroimplant components. Excellent 
interdisciplinary relationships exist with 
neurosurgery, orthopedics, and surgical 
oncology. Board eligibility in anesthesiol- 
ogy or equivalent certification plus training 
and/or experience in pain management are 
required. Research experience and evi- 
dence of productivity are desired. Aca- 
demic rank for successful candidate will be 
determined by qualifications. Candidate 
must be eligible for Oregon medical license. 

Please send curriculum vitae and names 
of three references to Wendell C. Stevens, 
MD, Department of Anesthesiology, 


OHSU, 3181 SW Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 
ty/affirmative action employer. 

627C/E 


ILLINOIS 
Anesthesiologist BC/BE sought for MD/ 
CRNA team at progressive 350-bec south- 
ern Illinois hospital which includes car- 
diothoracic. CV to Box 587AC. 

587A/C 


MONTANA 
Northwestern Montana Rockies. Seeking 
BC/BE anesthesiologist to join other anes- 
thesiologist to provide coverage for a 44- 
bed community hospital in this Montana 
resort community. Located near Glacier 
National Park, Big Mountain Ski Resort, 
Flathead Lake, and numerous champion- 
ship golf courses. An opportunity for 
someone longing for an experience in an 
unspoiled environment. Please send CV or 
call Marcel Loh, Administrator, Nerth Val- 
ley Hospital, 6575 Highway 93 South, 
Whitefish, MT 59937; (406) 362-2501, ext. 
250. 

630C 


FULL-TIME ANESTHESIOLOGIST 
BC or BE to join a group of anesthesiolo- 
gists and CRNAs providing all types anes- 
thesia coverage, though little obste‘rical, to 
three hospitals and a day surgery facility in 
a southwest Louisiana city of approxi- 
mately 75,000. Please send CV to Lake 
Charles Anesthesiology, 1415 18th Street, 
Lake Charles, LA 7(601. 

634C/H 


PAIN PRACTICE FOR SALE 
in beautiful Santa Fe, New Mexico, the 
Land of Enchantment. Well-established 
practice, treating acute and chror.ic pain. 
Specializing in injection procedures, Dr. 
Klinghardt, (505) 983-3891. 

625C 


DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our exclu- 
sive specialty, so you are assured of our 
undivided attention. Earn a premium in- 
come while eliminating administrative 
headaches and malpractice premiums, we 
cover it all. Call 1-800-955-1919 or write to 
PO Box 2065, Huntsville, AL 35803-2065. 
629C/H 


LOCUM TENENS 
Locum tenens anesthesiologists. Earn up to 
$200,000.00 per year. Don’: work for an 


agency. Work for yourself. For details, 
send name and address to Dr. Monroe, 
7035 Hwy 6 South, Suite #175-B, Houston, 
TX 77083. 

616C/F 








A WEEKEND OF PRACTICE ORAL EXAMS 
Practice exams, not lectures. We are the 
original course in this format. 20 hours 
category I CME credit, two board-certified 
instructors, 12 students maximum. Dallas, 
March 22-24; Denver, April 5-7. ANES- 
THESIA EXAM REVIEW, 7128 Regents 
Park, Toledo, OH 43617. (419) 843-4480. 
559C 


TUTORING FOR WRITTEN 
BOARD EXAMS: 
The unique feature of these tutorials is the 
small group size. The personalized format 
with a maximum of four students in a 
session allows your performance to be eval- 
uated throughout the session and permits 
you to raise questions for discussion. Tu- 
toring for the written and oral exams are 
given separately. The sessions are held in 
San Francisco and New York and are given 
in blocks of 3 days. FOR THE WRITTENS, 
essential test-taking skills are taught for 
dealing with multiple-choice questions. 
The basic sciences are stressed. FOR THE 
ORALS, mock orals are practiced using the 
guided case discussions which meet the 
Board's stated objectives. All students will 
receive study programs for use following 
these sessions. CALL 415-321-1117. 
628C/H 


AND ORAL 


J. STEPHENS MAYHUGH AND ASSOCIATES 
LOCUM TENENS ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

552L/E 


DON’T FAIL THE WRITTEN BOARDS/ITE 
New 1990 edition of practice questions (in- 
cluding past board remembered questions), 
answers, test-taking techniques, and more. 
We want to help you pass. Order the 
original, MEDTEXT call 1-800-695-6301 24 
hours a day. 

590A/F 


(800) FAST-GAS 

The number that hundreds of hospitals 
nationwide have called for permanent and 
temporary anesthesia services. The number 
that thousands of anesthesia professionals 
have called to secure permanent and tem- 
porary positions nationwide. Bay Area An- 


esthesia, Inc. 1-800-327-8427 for years of 
professional anesthesia service. 
582B/G 


Dial 1-800/RENT-A-DOC 

For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us fora 
change in both your practice and your 


lifestyle. ReplaceMed * 1-0800/736-8236 * 
PO Box 640 * Michigan City, IN 46360. 
598B/L, 


FOR SALE 

Two 30/70 Proportioner Anesthesia Ma- 
chines by OHIO with Ethrane, Forane and 
Halothane TEC 4 vaporizers, CO, absorb- 
ers and O, monitors. Stock #216-7193-800; 
Serial #BCFM00081/BCFM00090. Six years 
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old with very little use—LIKE NEW. 
$10,000 each. Quarterly maintenance by 
Bill Turner, Ohmeda technician. May con- 
tact Mr. Turner for reference concerning 
these machines at 1-800-433-5070. If inter- 
ested contact Melinda M. Prevost, MD, 
(504) 767-2417. 

604BC 


A36 


INDEX TO ADVERTISERS 


Anaquest 

Stadol irena O a Hass Aa E ATE A A11 thru A12 
Arrow International ; 

Medical Division oris roarai ies nA AENEA E a ERATE RES Cover 3 
Augustine Medical 

Bait Hugger. cise in eae A See E e EEE E aA AANS :.. A6 
Burron Medical Inc. l 

Spinoscan Spinal Anesthesia Products. .... o.i A28 
Cook County Graduate School of Medicine 

REGTUITMORE o e a eee oie tes eke eee ENIRE E A18 
Halocarbon . 

Halothane a eee tales Swap Ra sens. E EE a aa OS AAS A12 
Janssen Pharmaceutica 

Alfeontdastos iy 2 id oh hahaa eaea eR d oa TA T Ee alial’ A4 

Sufenta einsa es ienaa E eaa A O RAA 2 Bf A27 
Medfusion Inc. f 

Syringe Pum Peesmesire t Redd EET ae deed EAE DEE E ata dean A2 
Mercury Medical 

2001 LOTyNgOSCOpe sr er eii ai A EREA eee beeen E eeee A17 
Northern Health Systems . 

Computer System .............5. Sey RAS a One Sheen inet ak fie wip A8 
Ohmeda l 

Rascal M rresia a r a E A IEE E TE EEA Cover 4 
Organon Pharmaceuticals 

NOrcuUron. oaa ETER a T OEE I OEN Cover 2, A1 
Osler Institute i 

SGOUPSE staves ninaa a ata hed A EA E a a an ARA A26 
Pan-Pacific Surgical Association l 

Meeting aussure T E E E E EEN A18 
Physician Services of America 

Recruitment ........5 E EA TE EETA ATEA E EAEE A18 
Preferred Physicians Mutual l 

ITISTATON CO rrin a e A ae a a Da Batya seca aniei A13 
Professional Seminars, Inc, 

BENOE ar aE EEA T E ded gw EEEO EOE EA A17 
Hoffman La Roche 

Versed ........ eA ENARE tess SIS A29 thru A30, A14 thru A16 
Stuart Pharmaceuticals , 

Diprivan erna en eR E ran EEA ROS Sed Ae leon eaten A A19 thru A25 
University of Massachusetts Medical Center l 

Recmitmenl aie eas a ae ee View SEPARAR A EAN RE eee A18 


Advertising Office: Pharmaceutical Media, Inc., 440 Park Avenue South, 
14th Floor, New York, New York 10016. Telephone: (212) 685-5010 


Ra Oe ISSN 0003-2999 
See oi Volume 72, Number 4, April 1991 


ASIER 
alixal /AVOK oles) 


Journal of the International Anesthesia Research Society 
Oldest Publication in the Specialty—Established 1922 





In neuromuscular blockade 


Norcuron 


(vecuronium bromide) for injection 
Minimizes 
the variables 


V Cardiovascular stability, even in elderly patients, 
and in patients with cardiovascular disease’: 


V NORCURON' requires no dosage adjustments to 
avoid histamine release 


V May be used safely in patients with renal impair- 
ment, and in patients with mild to moderate hepatic 
impairment?’ 





As with all drugs in this class, NORCURON’* 
should be administered by adequately trained 
individuals familiar with its actions, characteristics 
and hazards. 


See following page for bnef summary of prescnbing information 


Norcuron _ 
(ecuronium bromide) for injection 


Betore prescribing, please consult complete product information, a summary of which follows: 
| THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED INDIVIDUALS FAMILIAR WITH ITS | 





ACTIONS, CHARACTERISTICS, AND HAZARDS. 


CONTRAINDICATIONS: Norcuron® is contraindicated in patients known to have a hypersensitivity to it 

WARNINGS: NORCURON® SHOULD BE ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVI- 
SION OF EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH ITS ACTIONS AND THE POSSIBLE COMPLICATIONS THAT 
MIGHT OCCUR FOLLOWING ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED UNLESS FACILITIES FOR INTUBATION, 
ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND REVERSAL AGENTS ARE IMMEDIATELY AVAILABLE. THE CLINICIAN 
MUST BE PREPARED TO ASSIST OR CONTROL RESPIRATION. in patients who are known to have myasthenia gravis or the 
myasthenic (Eaton-Lambert) syndrome, small doses of Norcuron® may have profound effects, in such patients, a peripheral 
nerve stimulator and use of a small test dose may be of value in monitoring the response to administration of muscle 
relaxants. 

PRECAUTIONS: General: Limited data on histamine assay and available clinical experience indicate that hypersensitivity 
reactions such as bronchospasm, flushing, redness, hypotension, tachycardia, and other reactions commonly associated 
with histamine release are unlikely to occur. 
Renal Failure: Norcuron® is well tolerated without clinical'y significant prolongation of neuromuscular blocking effect in 
patients with renal failure who have been optimally prepared for surgery by dialysis. Under emergency conditions in anephric 
patients some prolongation of neuromuscular blockade may occur; therefore, if anephric patients cannot be prepared for non- 
elective Surgery, a lower initial dose of Norcuron® should be considered 

Altered Circulation Time: Conditions associated with slower circulation time in cardiovascular disease, old age, edematous 
states resulting in increased volume of distribution may contribute to 2 delay in onset time, theretore dosage should not be 
increased. 

marie Disease: Limited experience in patients with cirrhosis or cholestasis has revealed prolonged recovery time in keeping 
with the role the fiver plays in Norcuron®* metabolism and excretion. Data currently available do not permit dosage 
recommendations in patients with impaired liver function 

Long-term Use in 1.C.U.: In the intensive care unit, in rare cases, long-term use of neuromuscular blocking drugs to facilitate 
mechanical ventilation may be associated with prolonged paralysis and/or skeletal muscle weakness that may be first noted 
during attempts to wean such patients from the ventilator. Typically, such patients receive other drugs such as broad spectrum 
antibiotics, narcotics and/or steroids and may have electrolyte imbalance and diseases which lead to electrolyte imbalance, 
hypoxic episodes of varying duration, acid-base imbalance and extreme debilitation, any of which may enhance the actions of 
a neuromuscular blocking agent. Additionally, patients immobilized for extended periods frequently develop symptoms 
consistent with disuse muscle atrophy. Therefore, when there is a need tor long-term mechanical ventilation, the benefits-to- 
risk ratio of neuromuscular blockade must be considered. Continuous infusion or intermittent bolus dosing to support 
mechanical ventilation has not been studied sufficiently to support dosage recommendations. 

UNDER THE ABOVE CONDITIONS, APPROPRIATE MONITORING, SUCH AS USE OF A PERIPHERAL NERVE STIM- 
ULATOR, TO ASSESS THE DEGREE OF NEUROMUSCULAR BLOCKADE, MAY PRECLUDE INADVERTENT EXCESS DOSING 
Severe Obesity or Neuromuscular Disease: Patients with severe obesity or neuromuscular disease may pose airway and/or 
vontiatory problems requiring special care before, during and after the use of neuromuscular blocking agents such as 

lorcuron®. 

Mali Hyperthermia: Many drugs used in anesthetic practice are suspected of being capable of triggering a potentially 
fatal hypermetaboiism of skeletal muscle known as malignant hyperthermia. There are insufficient data derived from screening 
in susceptible animals swine) to establish whether or not Norcuron® is capable of triggering malignant hyperthermia 
C.N.S.: Norcuron® has no known effect on consciousness the pain threshold or cerebration. Administration must be 
accompanied by adequate anesthesia or sedation. 

Drug Interactions: Prior administration of succinyicholine may enhance the neuromuscular blocking effect ot Norcuron® 
{vecuronium bromide) for injection and its duration of action. If succinyicholine is used before Norcuron®, the administration 
of Norcuron® should be delayed until the succinyIcholine effect shows signs of wearing off. With suscinylcholine as the 
intubatin agem, initial doses of 0.04-0.06 mg/kg of Norcuron* may be administered to produce complete neuromuscular 
block with clinica! duration of action of 25-30 minutes. The use of Norcuron® before succinylcholine, in order to attenuate 
some of the side effects of succinylcholine, has not been sufficiently studied. 

Other nondepolarizing neuromuscular blocking agents act in the same fashion as does Norcuron*, therefore these drugs 
and Norcuron® may manifest an additive effect when used together. There are insufficient data to support concomitant use 
of Norcuron® and other competitive muscle relaxants in the same patient. 
inhalational Anesthetics: Use of volatile inhalational anesthetics with Norcuran* will enhance neuromuscular blockade. 
Potentiation is most prominent with use of enflurane and isoflurane. With the above agents the initial dose of Norcuron* may 
be the same as with balanced anesthesia unless the inhalational anesthetic has been administered for a sufficient time at a 
sufficient dose to have reached clinical equilibrium. 

Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics may intensity or produce neu- 
romuscular block on their own. The following antibiotics have been associated with various degrees of paralysis: ami- 
noglycosides (such as neomycin, streptomycin, kanamycin. gentamicin, and dihydrostreptomycin): tetracyclines, bacitracin; 
polymyxin B; colistin: and sodium cotistimethate. 

Other: Experience concerning injection of quinidine during recovery from use of other muscle relaxants suggest that recurrent 
paralysis may occur. This possibility must aiso be considered for Norcuron*. Norcuron® induced neuromuscular blockade 
has been counteracted by alkalosis and enhanced by acidosis in experimental animals (cat), Electrolyte imbalance and 
diseases which lead to electrolyte imbalance, such as adrenal cortical insufficiency, have been shown to alter neuromuscular 
blockade. Depending on the nature of the imbalance, either enhancement or inhibition may be expected. Magnesium salts, 
administered for the management of toxemia of pregnancy, may enhance the neuromuscular blockade 

Drug/laboratory test interactions: None known 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Lang-term studies in animals have not been performed to evaluate 
carcinogenic or mutagenic potential or impairment of fertility. 

Pregnancy; Pregnancy Category C: Animal reproduction studies have not been conducted with Norcuron®. Norcuron* 
should be given to a pregnant woman only if clearly needed 

Pediatrie Use: Infants under 1 year of age but older than 7 weeks, also tested under halothane anesthesia, are moderately 
more sensitive to Norcuron® on a mg/kg basis than adults and take abcut 1¥2 times as iong to recover. information presently 
available does not permit recommendations for usage in neonates. 

ADVERSE REACTIONS: Norcuron® was well tolerated and produced no adverse reactions during extensive clinical trials. The 
most frequent adverse reaction to nondepolarizing blocking agents as a class consists of an extensicn of the drug's 
pharmacological action beyond the time period needed. This may vary trom skeletal muscle weakness to profound and 
prolonged skeletal muscle paralysis resulting in respiration insufficiency or apnea 

Inadequate reversal of the neuromuscular blockade is possible with Norcuron® as with all curariform drugs. These 
adverse reactions are managed by manual of mechanical ventilation until recovery is judged adequate. Little or no increase 
in intensity of blockade or duration of action of Norcuron® is noted from the use of thiobarbiturates, narcotic analgesics, 
nitrous oxide, or droperidol. See OVERDOSAGE for discussion of other drugs used in anesthetic practice which also cause 
respiratory depression. 

rolonged paralysis and/or skeletal muscle weakness have been reported after long-term use to support mechanical 
ventilation in the intensive care unit. (see PRECAUTIONS), 

Bronchospasm. flushing, redness, hypotension and tachycardia have been reported in very rare instances 
OVERDOSAGE: The possibility of iatrogenic overdosage can be minimized by carefully monitoring muscle twitch response to 
peripheral nerve stimulation. 

Excessive doses of Norcuron® produce enhanced pharmacological effects. Residual neuromuscular blockage beyond the 
time period needed may occur with Norcuron® as with other neuromuscular blockers. This may be manifested by skeletal 
muscle weakness, decreased respiratory reserve, low tidal volume, or apnea. A peripheral nerve stimulator may be used to 
assess the degree of residual neuromuscular blockade from other causes of decreased respiratory reserve 

Respiratory depression may be due either wholly or in part to other drugs used during the conduct of general anesthesia 
such as narcotics. thiobarbiturates and other central nervous system depressants. Under such circumstances, the primary 
treatment is maintenance of a patent airway and manual or mechanical ventilation until complete recovery of normal 
respiration is assured. Regonol® (pyridostigmine bromide) injection, neostigmine. or edrophonium, in conjunction with 
atropine or glycopyrrolate will usually antagonize the skeletai muscle relaxant action of Norcuron®. Satisfactory reversal 
can be judged by adequacy of skeletal muscie tone and by adequacy of respiration. A peripheral nerve stimulator may also 
be used to monitor restoration of twitch height. Failure of prompt reversal (within 30 minutes) may occur in the presence of 
extreme debilitation. carcinomatosis, and with concomitant use of certain broad spectrum antibiotics, or anesthetic agents 
and other drugs which enhance neuromuscular blockade or cause respiratory depression of their own. Under such 
circumstances the mananement is the same as that of protonged neuromuscular blockade. 

DOSAGE AND ADMINISTRATION: Before prescribing, please consult complete product information. Norcuron® (vecuronium 
bromide) for injection is for intravenous use only. This drug should be administered by or under the supervision of 
experienced clinicians familiar with the use of neuromuscula’ blocking agents. Dosage must be individualized in each case. 
The dosage information which follows is denved from studies based upon units of drug per unit of body weight and is 
intended to serve as a guide only, especially regarding enhancement of neuromuscular blockade of Norcuron* by volatile 





anesthetics and by prior use of succinylcholine (see PRECAUTIONS/Drug Interactions). Parenteral drug products should be 
inspected visually for particulate matter and discoloration prior to administration whenever solution and container permit. 

o obtain maximum clinical benefits of Norcuron® and to minimize the possibility of overdosage, the monitoring of 
muscle twitch response to peripheral nerve stimulation is advised 

The recommended initial dose of Norcuron® is 0.08 to 0.10 mg/kg (1.4 to 1.75 times the EDan) given as an intravenous 
bolus injection. This dose can be expected to produce good or excellent non-emergency intubation conditions in 2.5 te 3 
minutes after injection. Under balanced anesthesia, clinically required neuromuscular blockade lasts approximately 25-30 
minutes, with recovery to 25% of control achieved approximately 25 to 40 minutes after injection and recovery to 95% of 
control achieved approximately 45-65 minutes after injection. In the presence of potent inhalation anesthetics, the 
neuromuscular blocking effect of Norcuron*® is enhanced. If Norcuron® is first administered more than 5 minutes after the 
start of inhalation agent or when stead State has been achieved. the initial Norcuron® dose may be reduced by 
approximately 15%, i.e., 0.060 to 0.085 mg/kg. 

Prior administration of succinyicholine may enhance the neuromuscular blocking effect and duration of action of 
Norcuron® If intubation is performed using succinyichaline, a reduction of initial dose of Norcuron® to 0.04-0.06 mg/kg 
with inhalation anesthesia and 0.05-0.06 mg/kg with balanced anesthesia may be required. 

During prolonged surgical procedures, maintenance doses of 0.010 to 0.015 mg/kg of Norcuron® are recommended: 
after the initial Norcuron® injection, the first maintenance dose will generally be required within 25 to 40 minutes. However, 
Clinical criteria should be used to determine the need for maintenance doses. Since Norcuron® lacks clinically important 
cumulative effects, subsequent maintenance doses, if required, may be administered at relatively regular intervals for each 
patient, ranging approximately trom 12 to 15 m:nutes under balanced anesthesia, slightly longer under inhalation agents. (If 
less frequent administration is desired, higher maintenance doses may be administered.) 

Should there be reason for the selection of larger doses in individual patients, initial doses ranging from 0.15 mg/kg up 
to 0.28 mg’kg have been administered during surgery under halothane anesthesia without ill etfects to the cardiovascular 
system being noted as tong as ventilation is properly maintained 
Use by Continuous infusion: After an intubating dose of 80-100 pg/kg, a continuous infusion of 1 pg/kg/min can be initiated 
approximately 20-40 min later. Infusion of Norcuron® should be initiated only after early evidence of spontaneous recovery 
from the beius dose. Long-term intravenous in‘usion to support mechanical ventilation in the intensive care unit has not been 
Studied sufficiently to support dosage recommendations. {see PRECAUTIONS). 

The infusion of Norcuron® should be individualized for each patient. The rate of administration should be adjusted 
according to the patient's twitch response as determined by peripheral nerve stimulation. An initial rate of 1 y.g/kg/min is 
recommended, with the rate of the infusion adjusted thereafter to maintain a 90% suppression of twitch response, Average 
infusion rates may range from 0.8 to 1.2 y.g/kg’min 

Inhalation anesthetics. particularly enflurane and isoflurane, may enhance the neuromuscular blocking action of non- 
depolarizing muscle relaxants. in the presence of steady-state concentrations of enflurane or isoflurane, it may be 
necessary to reduce the rate of infusion 25-60 percent. 45-60 min after the intubating dose. Under halothane anesthesia it 
may not be necessary to reduce the rate of infusion. 

pontaneous recovery and reversal of neuromuscular blockade following discontinuation of Norcuron infusion may be 
expected to proceed at rates comparable to that following a single bolus dose 

Infusion solutions of Norcuron” can be prepared by mixing Norcuron® with an appropriate infusion solution such as 5% 
glucose in water, 0.9% NaCl, 5% glucose in saline, or Lactated Ringers. Unused portions of infusion solutions should be 
discarded 

Infusion rates of Norcuron® can be individua‘ized for each patient using the following table 





Infusion Delivery Rate 
{mL/kg/min) 


Drug Delivery Rate 
(yg/kg/min} 





0.1 mgm" 0.2 mgimLt 
07 0.007 0.0035 
08 0.008 0.0040 
0.9 0.009 0.0045 
1.0 0.010 0.0050 
11 0.011 0.0055 
1.2 0.012 0.0060 
13 0.013 0.0065 








“40 mg of Norcuron® in 100 ml. solution 
+20 mg of Norcuron® in 100 mL solution 


The following table is a guideline for mL/min detivery for a solution of 0.1 mg/mL (10 mg in 100 mL) with an infusion pump. 
NORCURON® INFUSION RATE — mL/MIN 








Amount of Drug Patient Weight ~ kg 
wavkgimin 40 50 60 70 80 90 100 
07 0,28 0.35 0.42 0.49 0.56 0.63 0.70 
08 0.32 0.40 0.48 0.56 0.64 0.72 0.80 
0.9 0.36 0.45 0.54 0.63 0.72 0.81 0.90 
10 0.40 0.50 0.60 0.70 0.80 0.90 1.00 
1.1 0.44 0.55 0.66 0.77 0.88 0.99 1.10 
12 0.48 0.60 0.72 0.84 0.96 1.08 1.20 
1.3 0.52 0.65 07 0.91 1.04 E 4.30 





NOTE: If a concentration of 0.2 mg/mL is used (20 mg in 100 mL), the rate should be decreased by one-half. 


Dosage in Children: Older children (10 to 17 years of age} have approximately the same dosage requirements {mg/kg) as 
adults and may be managed the same way. Younger children (1 to 10 years of age) may require a slightly higher initial dose 
and may also require supplementation slightly more often than adults. infants under one year of age but older than 7 weeks 
are moderately more sensitive to Norcuron® on a mg/kg basis than adults and take about 142 times as long to recover. See 
also subsection of PRECAUTIONS titled Pediatric Use. Information presently available does not permit recommendation on 
usage in neonates (see PRECAUTIONS). There are insufficient data concerning continuous infusion of vecuronium in children, 
therefore, no dosing recommendation can be made 
COMPATIBILITY: Norcuron® is compatible in soiution with: 
0.9% NaC! solution 
5% glucose in water 
Sterile water for injection 
Use within 24 hours of mixing with the above solutions 
Parentera! drug products should be inspected visually tor particulate matter and discoloration prior to administration 
whenever sclution and container permit. 
STORAGE: 15-30°C (59-86°F), Protect from light. 
AFTER RECONSTITUTION: : 
© When reconstituted with supplied bacteriostatic water for injection: CONTAINS BENZYL ALCOHOL. WHICH IS NOT 
INTENDED FOR USE IN NEWBORNS. Use within 5 days. May be stored at room temperature or refrigerated. 
* When reconstituted with sterile water for injection or other compatible |. V. solutions: Refrigerate vial. Use within 24 hours. 
Single use only, Discard unused portion. REV. 3/89 


5% glucose in saline 
Lactated Ringers 
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AMERICA-JAPAN 
ANESTHESIA CONGRESS 


January 19-21, 1992 
Sheraton Waikiki Hotel 
Honolulu, Hawaii 


The Second America-Japan Anesthesia Congress will present refresher courses 
and updates by experts from Asia and North America on subjects pertaining 
to cardiovascular anesthesia, clinical pharmacology and pain management. 


Deadline for submission of 15-minute free papers is June 30, 1991 


A number of Professor Futami Kosaka Awards will be granted 
to the best free papers accepted for presentation. 


Hotel reservations must be made by December 18, 1991 
Registration fee: $250 


For further information: 

K.C. Wong, M.D., Ph.D. or Vicky Larsen 
Department of Anesthesiology 
University of Utah School of Medicine 
50 North Medical Drive 
Salt Lake City, Utah 84132 
(801) 581-6115 or 581-4367 FAX 
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For longer more stressful procedures 


As with all potent opioids, profound 
analgesia is accompanied by respiratory 
depression and diminished sensitivity to 
CO, stimulation which may persist into or 
recur in the postoperative period. Appro- 
priate postoperative monitoring should be 
employed to ensure that adequate spon- 


taneous breathing is established and mai — Predictable control 
from the recovery area. of stress responses 
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DESCRIPTION: h ENITAN ufe e) ne potent opi SI , ally designat N-[-4-(mett jue to mr al toxicity (decre edf consumption with increased mortality) following prolonged administration 
oxymethyl)-1-[2-(2-thienylet Appart inyl]-N-phenylpropanam hydroxy-1,2,3-propanetr joxylate f the drug. No evidence of teratogenic s have been observed after administrat SUFENTA in rats or rabbits 
(1:1) with a molecular weight of 578.68. SUFENTA is a sterile, preservative free, aqueous solution containing There are no adequate and well-controlled studies in pregnant women. SUFENTA should be used during pregnancy 
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INDICATIONS AND USAGE 
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OF CO-INDUCTION 


Anesthetic Synergy 


VERSED first, followed by a 
second anesthetic 


When given first, a small dose of VERSED” (midazolam 
HCl/Roche) may lower the induction EDs of barbiturates 
or narcotics up to 75%."* This synergistic effect appears 
to result from a mutual enhancement of binding-site 
affinity.'* Clinically, co-induction may decrease toxicity 
and speed recovery. VERSED can also abolish the 
excitatory effects and emergence phenomena associ- 
ated with some induction agents, and its potent amnes- 
tic effect may avoid breakthrough awareness at times 
when short-acting induction agents may be wearing off. 


* Allows lower doses of induction agents 
- A smooth induction** 


* Less risk of breakthrough awareness** 
| cet: 


Dosing considerations 


As a standard precaution, prior to I.V. administration of 
VERSED in any dose, oxygen and resuscitative equipment 
should be immediately available. VERSED should be used as 
an induction agent only by persons trained in anesthesiology 
and who are familiar with all dosing and administration guide- 
lines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with 
limited pulmonary reserve. 

It is recommended that patients do not drive or operate haz- 
ardous machinery after receiving VERSED until the effects of 
the drug (e.g., drowsiness) are gone or until the day after 
anesthesia. The decision must be individualized. 


Please see summary of product information on following page. 
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Injectable VERSED is available in 
1 mg/mL and 5 mg/mL strengths. 
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Intravenous VERSED has been associated with respiratory depression and 


i and equipment and personnel trained in their use should be 
aseured. (See WARNINGS.) 
The Initial intravenous dose for conscious sedation may be as litte as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older {over 60 years) or debifftated patients and in patients receiving concoml- 
tant narcotics or other CNS depressants. The initial dose and all subsequent doses 
should never be given as a botus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of tha 
1 mg/mL. formulation or dilution of the 1 mg/mL or 5 mg/mL. formulation ls recom- 
mended to factitate slower Injection. Conault complete product information under 
DOSAGE AND ADMINISTRATION for complete dosing Information. 





CONTRAINIICATIONS: Patients with known hypersensitivity to the drug. 
are contralncicated in patients with acute narrow angle glaucoma; 
may be used in open angle glaucoma only If patients are receiving appropriate 


WARNINGS: Never use without individualization of dosage. Prior to IV use in 
equipment 


which can lead to 
are taken Immediately. Vital signs should continue to be monitored during the 
recovery , Because IV VERSED depresses respiration, and opioid agonists and 
other sedatives can add to this depression, it should be administered as an induction 
anesthesia and shoukd be used for con- 


respiratory depression, 

respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
peen rara Teporta o! hiypotensiva episodes Pat ee düring ea 
tic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premadicated 
with narcotic, 

Reactions such as agitation, Involuntary movements, hyperactivity and combative- 
ness have been reported. ee osmy or 

; however, the 


depressants may 
riek of underventilation or apnea and may contribute to profound and/or prolonged 
og ee a ai mao depresses MO Vennie ory ai ad 


dioxide stimulation. 
Higher risk surgical, eiderty or debilitated patients require lower dosages for Induction 
obetructive pulmonary 


to decrease with age, reduce Initial dosage and consider possiblity of a profound 
and/or protonged effect. 
Do not administer in shock, coma, acute alcohal intoxication with depression of vital 


patients, "These patients wil aso probably take longer to recover completely after 

VERSED for induction of anesthesla. 

VERSED does Not protect against incroesod Iiiraorania. prosao or again Ne Daert 

rate rise and/or blood pressure rise associated with endotracheal Intubation under 

fight general aneethesla. 

information for patients: Communicate the following Information end instructions to 

the patient when appropriate: 1. Inform your physician about any alcohol consump- 

, Including nonprescription drugs. Alcohol has 
benzodiazepines; therefore, caution should 

be exercised regarding simultaneous Ingestion of alcoho! and benzodiazepines. 


VERSED® {brand of midazolam HCl/Roche) 


Z. Infony your physician if you are pregnant or are planning to become pregnant. 

S. Inform your physictan if you are nuraing. 

Brug interactions: ption IPA eee Ne ee 

Particularly narcotics f.g., morphine, meperidine, fentany)) and also secobarbital and 

inovar Genfany| and droperidol. Consequently, adjust the dosage according to the 

type and amount of premedication. 

A moderate reduction in Induction dosage requirements of thiopental (about 1596} has 

been noted following use of IM VERSED for 

M admrirastration of VERSED decreases the minimum alveolar concentration (MAC) of 

Fealothans required for general anesthesia. This decrease correlates with the dose of 

VERSET administered. 

Although the possibility of minor Interactive effects has not been fufty studied, 

VERSEC and pancuronium have bean used together in patients without noting 

clinically significant changes in dosage, onset or duration. VERSED does not protect 

egainst the characteristic circulatory changes noted after administration of succinyl- 

chofine or pancuronium, or agalnst the Increased Intracranial 
of Ine. 


test interactions: Midazolam has not bean shown to interfere with 


Clinical laboratory test results. 

i imnpeirment of fertifty: Midazolam maleate waa admir- 
istered to mice and rats for two years. At the highest dose (80 mg/kg/day} female 
mice had a marked Increage In Incidence of hepatic tumors and mate rats had a small 
but significant Increase In benign thyroid follicular cell tumors. These tumors were 
found after chronic use, whereas human use will ordinarily be of singto or several 
doses. 


Midazolam did not have mutagenic activity in tests that were conducted. 
Areprocuction study in rats did not show any impairment of fertility at up to tan times 
toe human IV dase. 
Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate Injectable, at 6 and 10 times the human dose, did not show 
evidence of teratogenicity in rabbits and rats. 

Labor and delivery: Usa in obstetrics has not been evaluated. Because midazolam is 
transferrsd traneplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED fs not 
recommended for obstetrical use. 

HMursing mothers: tt le not known whether midazolam ts excreted in human mik. 
Because many drugs are excreted in human milk, caution should be exercised when 
Injectabla VERSED ts administered to a nursing woman. 

Padtairic use: Safety and effectiveness in children below the age of 18 have not been 


perenteral frequently seen findings and 

decreased tidal volume and/or respiratory rate decrease (23.3% of patients 
following IV and 10.8% of patients following IM administration) and apnea (15.4% of 
eee ened WAT wena 63 we ee ree N DoOderesoun ene RUDS 


Folow'ng IM injection: headache (1 .3%); local effects at IM site: pain (3.7%), Indura- 
tion (0.5%), "AO reson BBM) vernting BN) Following IV administration: 
9%), hirig (2.8%), ach oie coughing (1.3%), "oversadation’ 


(0%) Peach ), drowsiness (1.2%); local effects at the IV site: tenderness 
(5.6%), pain during in (5.0%), redness (2.6%), induration (1.7%), ae 
(0.4%). Other effects (< 196) mainty following IV administration: Aespirat 
respirations, airway obstruction, tachypnea. > Bigeminy, premature 
ventricular , tachycardia, nodal rhythm. 

Gastrcir testinal: Acid taste, excessive salvation, retching. 

Retrograde confusion, , Nervousness, arodety, 
grogginess, defrturn or agitation, prolonged emergence 


lightheadedness. Integumentary: Hives, 
swelling oF feeling of burning, warmth or coldness at Injection site, nash, pruritus. 
Miscetaneous: Yawning, lethargy, chilis, weakness, toothache, faint feeling, 


hematoma. 

Drug Atuse and Dependence: Avaliable data conceming the drug abuse and depen- 
dence potential of midazolam suggest that its abuse potential Is at least equivalent to 
that of clazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzodi- 
azepire3 (6.g,, sedation, somnolence, confusion, mpatred coordination, diminished 
reflexes coma, untoward effects on vital signs). No specific organ toxicity would be 


expected. 
DOSAGE AND ADMINISTRATION: VERSED Is s potent sedative agent which 
stow administration and individualization of dosage. Clinical export- 
ance has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE 
FOR EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, 


respiratory 
arrest. (See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINIS- 
TRATION section in the complete product Information. 
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- SynchroMed® Programmable Pump 
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Editors from some major biomedical journals pub- 
lished in English met in Vancouver, British Colum- 
bia, and drew up technical requirements for manu- 
scripts to be submitted to these journals. The 
Vancouver group evolved into the International 
Committee of Medical Journal Editors, which in 1981 
revised the requirements and published a second 
edition in 1982 and a third edition in 1988 (1). Al- 
though the Uniform Requirements describe mainly the 
way in which a manuscript should be prepared, they 
also make important recommendations on some eth- 
ical aspects: notably prior and duplicate publication, 
authorship, financial relationships posing conflict of 
interests, and requirements that procedures were 
conducted in accordance with the ethical standards of 
the appropriate committee on human experimenta- 
tion or with the Helsinki Declaration. 

More specifically with respect to duplicate publi- 
cation, in the Uniform Requirements it is stated that 
most journals do not wish to consider for publication 
a paper describing work that has already been re- 
ported elsewhere or that has been submitted or 
accepted for publication elsewhere. (This does not 
preclude considering a paper that has been rejected 
by another journal or a complete report of a prelimi- 
nary communication.) When submitting a paper, an 
author should always make a full statement about all 
submissions and previous reports that might be re- 
garded as prior or duplicate publication of the same 
or very similar work, and copies of such material 
should be included with the submitted paper. 

As the Uniform Requirements are not immediately 
available to most authors, many journals including 
Anesthesiology, Anesthesia and Analgesia, Anaesthesia, 
and the British Journal of Anaesthesia publish an indi- 
vidual guide to contributors that summarizes these 
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findings and describes specific requirements. In our 
Guide for Authors, it is stated clearly that papers 
submitted must not have been submitted to or pub- 
lished in whole or in part in any other journal. Despite 
these well-publicized strictures, there have been sev- 
eral examples in the past 2 years wherein material 
published in or submitted to one of our journals has 
been either simultaneously submitted to or published 
in a second anesthesia journal. 

An example of duplicate publication that authors 
may think acceptable but that we invariably reject, 
comprises the use of control data to compare with 
one situation in one journal and the same control data 
to compare against a second circumstance in a paper 
submitted to another journal. When authors fail to 
indicate in their list of references that material is “in 
press” or published recently in another journal, one 
conclusion is that the authors are deliberately prac- 
ticing deception. 

For the past 8 years, an International Meeting of 
Editors of Anaesthetic Journals has convened at 
2-year intervals coinciding with either a European or 
World Congress of Anesthesiology. At the most 
recent Fourth Meeting held in association with the 
Eighth European Congress of Anaesthesiology in 
Warsaw in 1990, there was some discussion of ethical 
problems in publishing. The most common and ob- 
vious problem discussed was that of duplicate sub- 
mission and publication. This may be classified 
broadly into two types: 


1. Reproduction in one journal of data identical to 
those published elsewhere with either similar or 
differing discussions. This is clearly unacceptable 
and represents a breach of copyright. Authors 
should be aware of the fact that reproduction of 
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blocks of text, tables, or figures always necessitates 
permission of both authors and editors. 

2. The use of identical control data in two different 
papers, as noted above. 


An additional issue of concern is the submission of 
various aspects of one single study to several dif- 
ferent journals. Although this does not represent 
multiple publication per se, it nonetheless represents 
publication of an unnecessary number of papers and 
detracts from the interpretation of single manu- 
scripts. All the editors present at the Fourth Interna- 
tional Meeting of Editors of Anaesthetic Journals in 
Warsaw in 1990 were opposed to this type of practice 
and would request that all data from a single circum- 
scribed study be submitted to one journal. 

This international collaboration is illustrated by the 
fact that this joint editorial is appearing simulta- 
neously in Anesthesiology, Anesthesia and Analgesia, the 
British Journal of Anaesthesia, and Anaesthesia. The 
views expressed on duplicate publication are also 
supported fully by David Bevan who is publishing a 
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similar editorial in this month’s issue of the Canadian 
Journal of Anaesthesia and also by John Roberts who 
will be referencing this article in an editorial in 
Anaesthesia and Intensive Care. 

Improving communication between the editors of 
biomedical journals should facilitate detection of any 
failure of authors to follow the recommendations of 
the International Committee of Medical Journal Edi- 
tors, and we hope that authors become aware of and 
exercise their responsibilities related to submission of 
manuscripts. Research published in biomedical jour- 
nals must be held to the highest standards, and 
adherence to ethical standards in publishing is an 
absolute expectation of our readers as well as the 
public. 
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Glucose Management During Cardiopulmonary Bypass: 
Cardiovascular and Neurologic Implications 
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Metz and Keats (1) e in the present issue on the 
relationship between glucose-containing panne s0- 
lutions in the cardiopulmonary bypass (CPB) circuit 
and perioperative cardiac and neurologic function. 
Their conclusions are twofold: first, glucose solutions 
in the CPB circuit reduce intraoperative fluid require- 
ments and improve perioperative fluid balance; and, 
second, glucose does not increase postoperative neu- 
rologic injury. 

When reduced to its essence, the study by Metz and 
Keats had a single positive finding: glucose-treated 
subjects had a more favorable perioperative fluid bal- 
ance. The use of glucose was associated with increased 
urine output, but it did not alter inotrope use, diuretic 
requirement, or hospital course. The greatest difference 
in fluid requirement occurred during the CPB period: 
glucose-treated subjects received one-eighth the 
amount of crystalloid given to non-glucose-treated pa- 
tients (144 + 270 vs 1147 + 1149 mL; mean + sp; P < 
0.001). The decision to give fluid during CPB was based 
on the status of the CPB-reservoir volume, and flexi- 
bility was permitted “depending on (the) stage of 
operation.” The process was not blinded. 

The second conclusion of the study by Metz and 
Keats was that glucose administration during CPB 
and coronary artery by pass grafting (CABG) does not 
adversely affect postoperative neurologic function. 
This conclusion, based on data from their study and 
from their interpretation of the related literature, 
deserves comment. 

The study by Metz and Keats evaluated 107 pa- 
tients undergoing CABG. They reported only two 
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instances of neurologic injury in these patients (i.e., 
an incidence of 2%). Although Metz and Keats did 
not describe how neurologic injury was assessed, 
both recorded episodes of neurologic dysfunction 
were grossly evident. Neither instance of neurologic 
dysfunction occurred in the group that received glu- 
cose; thus, the authors concluded that glucose, per 
se, imposed no detrimental neurologic effect. Their 
approach to this issue and their conclusions are 
perplexing. In a previous report from the same insti- 
tution, Slogoff, Girgis, and Keats demonstrated that 
the incidence of transient and persistent neurologic 
abnormalities after CABG was 6% and 3%, respec- 
tively (2). These numbers were matched by a similar 
incidence of transient and persistent psychiatric alter- 
ations in CABG patients (9% and 3%, respectively), 
assessed by sophisticated testing procedures. When 
both neurologic and psychiatric alterations were as- 
sessed, the incidence in CABG patients was approx- 
imately one-half that found in patients having open 
ventricle procedures. Thus, by using CABG a 
in the present study and presumably by using less 
rigorous neurologic and psychiatric assessment than 
had previously been reported from their institution 
(2), Metz and Keats (1) appear to have biased their 
study toward a negative result. In striking contrast, 
Nussmeier, Arlund, and Slogoff—again at the same 
institution—used the higher risk group of patients 
(i.e., patients having open ventricle procedures) and 
the combination of rigorous neurologic and psychiat- 
ric evaluation to assess the effect of thiopental loading 
on post-CPB neurologic function (3). In the latter 
study, 182 patients were included, and the thiopental 
group experienced a zero incidence of persistent 
neuropsychiatric injury compared to an 8% incidence 
in the control group. Despite these rigorous study 
conditions and the large number of subjects, statisti- 
cal significance barely exceeded the accepted minimal 
criteria (i.e., P was <0.025). Based on these data, it 
would appear that in patients having CPB, less rig- 
orous study conditions (i.e., a smaller number of 
patients, CABG patients rather than open ventricle 
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patients, and apparently less rigorous neurologic and 
psychiatric assessment) almost guarantee a negative 
outcome in attempting to assess the impact of any 
specific intervention. Furthermore, Metz and Keats 
(1) may also have biased their study by excluding 
patients over 75 yr of age because this “characteristic 
predispose[s] to central nervous system deficits after 
CPB,” even though previous studies in the same 
institution included “any adult patient” (3). 

When arguing for the safety of using glucose- 
containing CPB priming solutions, Metz and Keats 
point out that there are no studies demonstrating 
worse neurologic outcome when glucose treatment is 
given to patients undergoing cardiac operations. Re- 
garding this point, the authors are certainly correct; 
in humans, the evidence remains anecdotal only. 
There is inadequate prospective evidence in the liter- 
ature suggesting an association between glucose and 
neurologic outcome in humans, regardless of the 
setting. Steward et al. (4), in a letter, suggested a 
worse neurologic outcome in children with elevated 
blood glucose during profound hypothermia and 
circulatory arrest for intracardiac surgery; however, 
the study was retrospective, the sample size was 
small (n = 34), and statistical significance was not 
achieved. The dearth of published data addressing 
the specific situation addressed by Metz and Keats is 
probably related to the fact that prospective random- 
ized studies using blinded observers of neurologic 
function are just recently gaining momentum in the 
literature. The energy and discipline demanded of 
teams of individuals who perform this type of inves- 
tigation are awe-inspiring and deserve our greatest 
support and respect. However, the absence of such 
studies for a given therapy should not be misinter- 
preted as evidence for an absence of effect of the 
therapy. 

Metz and Keats next argue that the type of ische- 
mia that occurs after CPB results from a pathologic 
mechanism that makes it difficult to extrapolate from 
existing experimental studies to the situation of post- 
CPB injury. Their review of the literature is used to 
support their position. This same body of literature 
can be used to refute their position. 

Neurologic injury after CPB is likely due to (a) focal 
ischemia (e.g., resulting from emboli) or (b) either 
BaT or complete global cerebral ischemia (e.g., 
resulting from either low flows or circulatory arrest, 
respectively). In these circumstances, there is evi- 
dence in the literature of an association between glu- 
cose administration and/or hyperglycemia and in- 
creased postischemic neurologic injury. The proposed 
mechanism by which glucose exacerbates postischemic 
neurologic injury is as follows. The anaerobic metabo- 
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lism of glucose during ischemia results in an intracellu- 
lar lactic acidosis (5). This acidosis, in turn, initiates or 
facilitates a cascade of secondary processes that result in 
permanent neurologic injury (6). Based on the pro- 
posed mechanism, one might anticipate a similar effect 
of glucose on outcome after both global and focal 
ischemia. 

There is consistent evidence of glucose-induced 
enhancement of injury in studies of global cerebral 
ischemia (7-13), and the majority of studies in focal 
cerebral ischemia also suggest that glucose worsens 
outcome (14-29). However, in three studies of focal 
cerebral ischemia, there is evidence of improved 
outcome following glucose treatment (19,27,28). This 
has led some investigators (27,28) to speculate that in 
settings in which cerebral blood flow reduction is less 
than complete (i.e., as may occur in the penumbra of 
focally ischemic brain), glucose may have a beneficial 
effect similar to that observed in neurons studied 
during anoxia in vitro (30). According to this logic, 
both in studies of incomplete ischemia and in studies 
performed in vitro, the potential for accumulation of 
toxic metabolites is reduced during periods of de- 
creased oxygen delivery. In the absence of accumu- 
lation of these metabolites, glucose may have a direct 
beneficial effect on anoxic or hypoxic neurons. Al- 
though the in vitro data (30) and some in vivo data 
(20) support this hypothesis, other in vivo data di- 
rectly discount the hypothesis (8). Nedergaard and 
Diemer (20) studied the effect of glucose on postis- 
chemic histology in a diabetic rat model of middle 
cerebral artery occlusion. They found that glucose 
resulted in less severe histologic damage in the cor- 
tical infarct rim (i.e., the penumbral area). However, 
this apparent benefit to cortical rim neurons occurred 
at the expense of more severe histologic damage in 
the core of the ischemic area, and—depending on the 
duration of the hyperglycemic, diabetic state—either 
no change or an increase in infarct volume. In con- 
trast to this evidence of possible selective neuronal 
benefit of glucose in low flow areas in a middle 
cerebral artery occlusion model (20) are data from the 
four-vessel occlusion model in rats reported by 
Pulsinelli et al. (8). The four-vessel occlusion model 
produces near-complete forebrain ischemia and in- 
complete hindbrain ischemia (5). In both brain areas, 
glucose produced more severe histologic injury. 
Taken together, these and other studies (8,14-30) 
suggest that during incomplete ischemia, any poten- 
tially beneficial effect of glucose in small populations 
of isolated neurons may be offset by an adverse effect 
in larger populations of ischemic neurons. Thus, 
during incomplete ischemia, the net effect on the 
brain of increased glucose concentrations will likely 
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Table 1. Glucose and Neurologic Outcome After Global 
Cerebral Ischemia 
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Table 2. Glucose and Neurologic Outcome After Focal 
Cerebral Ischemia 











Authors Reference Species Glucose effect Authors Reference Species Glucose effect 
Myers and Yamaguchi 7 Monkeys Worse function Pulsinelli et al. 14 Humans Worse function 
and Brint et al. 15 Rats Worse infarct size 
histology" Candelise et al. 16 Humans Worse function and 
Pulsinelli et al. 8 Rats Worse histology lesion size” 
Longstreth et al. 9 Humans Worse function Berger and Hakim 17 Humans Worse function and 
Longstreth and Inui 10 Humans Worse function CT observations 
D'Alecy et al. 11 Dogs Worse function Cox and Lorains 18 Humans No effect on 
Lanier et al, 12 Monkeys Worse function function 
and histology Ginsberg et al. 19 Rats Improved infarct 
Nakakimura et al. 13 Cats Worse function” size 
Nedergaard and 20 Rats Worse histology; 
“This study contained the first report of glucose-induced enhancement of Die ae WOREGF NO fs 
ischemic neurologic injury. The number of subjects was insufficient for ph oe 0} a 
statistical comparisons. change in infarct 
There was a tendency toward more severe histologic injury in glucose- size 
treated subjects (P = 0.07) in this study. Nedergaard 21 Rats Worse infarct size” 
Woo et al. 22 Humans Worse function 
Adams et al. 23 Humans No effect on 
x ; NF ; function or CT 
be one of detriment (i.e., an effect that is identical to lesn Ee 
that observed in the brain exposed to complete ische- pe Courten-Myers 24 Cats Worse infarct size 
mia). et al. 
Metz and Keats also suggest that a period of Prado etal. 25 Rats" Worse cortical 
reperfusion after ischemia may play a critical role in z , IAI CIEE + 
aes : $ Prado et al. 25 Rats’ No effect on cortical 
whether glucose has a beneficial or detrimental effect aiara 
on postischemic injury. This hypothesis does not kKiers et al. 26 Humans Worse functionand 
accommodate the fact that de Courten-Myers et al. infarct size” 
(24) and Zasslow et al. (27) used the same model of —Zasslow et al. 27 Cats Improved size of 
focal ischemia in cats and neither provided a reper- . injury” 
: 5 ae A i P - P Kraft et al. 28 Rabbits Improved size of 
fusion period after ischemia. In one study (24), glu- injury" 
cose resulted in worsened outcome; in the other (27), Hoffman et al. 29 Rats’ Worse function 


glucose resulted in an apparently beneficial outcome. 
As addressed below, the apparently beneficial effects 
of glucose in the Zasslow et al. study (27) and in some 
other studies of focal ischemia are probably not 
related to the presence or absence of a reperfusion 
state, nor do they represent evidence of isolated 
neuronal protection in low flow states. Instead, they 
may be due to factors other than those resulting in a 
long-term beneficial effect on neurons. 

In the accompanying tables, I have summarized 
the literature regarding the association between glu- 
cose and global cerebral ischemia (Table 1) and glu- 
cose and focal cerebral ischemia (Table 2). In both, I 
have presented the available studies that examine 
either neurologic function or histology (i.e., the two 
markers of injury that are most relevant clinically). I 
have not discriminated between studies in which a 
cause-effect relationship between glucose and out- 
come was demonstrated versus studies in which 
there was an association but of undetermined origin. 
However, I have excluded studies that demonstrated 
a worse outcome from stroke in diabetics, but failed 
to document blood glucose values. 

In seven of seven cited studies of glucose and 





CT, computed tomography 

‘Ischemic lesion size was determined using computed tomography 
scans. 

"Histology was described as more abnormal in glucose-treated rats, but 
data were not subjected to statistical analysis. 

“All patients received high-dose naloxone therapy. 
: This study reported on two models of focal cerebral ischemia having 
fering sev erity of cortical ischemia. 
ing a histologic assessment of size of injury. 
s model is primarily of focal cerebral ischemia; however, it also 
includes an incomplete global ischemia component. 






global cerebral ischemia (7-13), increased glucose in 
the blood or brain was associated with a worse 
postischemic outcome (Table 1). In 11 of 17 cited 
studies of focal cerebral ischemia (14-29), there also 
was an association between giucose and worse post- 
ischemic outcome (Table 2). In the six studies of focal 
cerebral ischemia that did not identify this associa- 
tion, two studies in humans (18,23) found no rela- 
tionship between glucose and neurologic injury (a 
conclusion that differed from five other similarly 
designed human studies [14,16,17,22,26]). The re- 
sults of one human study (23) were confounded by 
high-dose naloxone therapy in afl subjects. In three 
animal studies of focal cerebral ischemia, glucose 
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produced an apparently beneficial effect. Of these 
three animal studies, one used a rat model of photo- 
chemical cortical thrombosis (19) in which brain in- 
jury is produced by a novel mechanism that has been 
criticized for potentially lacking relevance to human 
cerebrovascular disease (31). The model was subse- 
quently modified in a manner that improved its 
relevance to human disease (i.e., thrombosis origi- 
nated in feeding vessels, not end vessels) (25). After 
modification of the model, glucose either increased or 
had no effect on cortical infarct volume, depending 
on whether the model modification resulted in severe 
or mild cortical ischemia, respectively. 

The remaining two animal studies that reported a 
beneficial effect of glucose on outcome after focal 
cerebral ischemia (i.e., the cat study of Zasslow et al. 
[27] and the rabbit study of Kraft et al. [28]) did not 
control for osmotic effects, they used a histologic 
marker of cell injury, and both discontinued the 
study immediately after the ischemic period (after 
only 6 h of ischemia) (27,28). Using a model that was 
anatomically and physiologically similar to the Zass- 
low et al. cat model (27), and physiologically similar 
to the Kraft et al. rabbit model (28), Little demon- 
strated in cats that an osmotic effect alone (i.e., such 
as that produced by intravenous mannitol) improved 
histologic findings (32). Thus it is possible that the 
immediate, apparently beneficial effects of glucose in 
the studies by Zasslow et al. (27) and Kraft et al. (28) 
were not representative of the possible long-term, 
injury-enhancing effects of glucose. This issue was 
perhaps resolved by another study performed by de 
Courten-Myers et al. (24). In that study (24), a cat 
model of permanent middle cerebral artery occlusion 
identical to that of Zasslow et al. was used, and the 
animals were allowed to recover for 2 wk. Thus 
neuronal injury was allowed sufficient time to mature 
(33), and the immediate beneficial effects of an os- 
motic load were bypassed. Under these circum- 
stances, de Courten-Myers et al. (24) reported that 
glucose loading resulted in a worse ischemic injury. 
Hence, whether or not one discounts the studies 
having negative results or evidence of benefit from 
glucose, there remains a large body of convincing 
data that glucose worsens outcome from cerebral 
ischemia, including both global and focal ischemia, 
the types of ischemia most relevant to CPB patients. 

Although Metz and Keats suggest that the risk of 
glucose-induced enhancement of ischemic neurologic 
injury is sufficiently small that it should not factor 
into our decision as to whether or not we should use 
a glucose-containing pump prime solution, the re- 
sults of the present study are simply insufficient to 
draw such conclusions. Whether the beneficial effects 
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of glucose on fluid balance outweigh the risk for 
glucose-induced enhancement of ischemic neurologic 
injury is not answered by this study. Until such proof 
appears—using prospective randomized studies with 
an appropriate number of subjects, blinded neuro- 
logic referees, and state-of-the-art neurologic and 
psychiatric evaluation—it is wise to manage glucose 
conservatively and use specific therapies (e.g., recep- 
tor-specific vasopressors and intravenous solutions 
that do not contain glucose) to alter cardiovascular 
function, vascular volume, and osmotic load. Al- 
though such a recommendation may seem exces- 
sively cautious, one must realize that neurologic and 
psychiatric dysfunction attributed to brain ischemia 
are reproducible phenomena after recovery from car- 
diac surgery and CPB. In the majority of reports in 
the literature, glucose administration and/or hyper- 
glycemia worsened neurologic injury after cerebral 
ischemia. In contrast to these potentially detrimental 
effects of glucose in patients experiencing cardiac 
surgery and CPB, Metz and Keats reported a benefi- 
cial effect of glucose on perioperative fluid balance. 
However, the effects of glucose reported by Metz and 
Keats are apparently of temporary benefit only and 
do not appear to affect outcome. 
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Benefits from the use of glucose-containing intravenous and 
priming solutions during coronary artery bypass operation 
have not been documented, but an increased risk of postop- 
erative neurologic deficit by hyperglycemia has been sug- 
gested. To determine benefits, 107 patients undergoing coro- 
nary artery bypass operation were managed identically except 
that one group (n = 54) received 5% dextrose in lactated 
Ringer's solution (DSLR) as the sole intravenous and priming 
solution during operation and a second group (n = 53) 
received the same solution without glucose (LR). During 
cardiopulmonary bypass, the D5LR group required signifi- 
cantly less additional crystalloid to maintain safe oxygenator 
levels and flow (1.8 + 3.3 vs 15.8 + 20.9 mL'kg™ th~ +) and 


A recent review (1) of the intraoperative use of 
glucose-containing intravenous solutions recom- 
mended that blood glucose be kept under 200 mg/dL 
in patients undergoing coronary artery bypass oper- 
ations (CABG) to reduce the magnitude of central 
nervous system (CNS) deficits that occur postopera- 
tively in a small portion of patients. The recommen- 
dation was based on data from nonsurgical patients 
that suggested CNS deficits after stroke were greater 
in patients with high blood glucose levels at the time 
of injury compared with those with lower glucose 
levels. No data, however, specifically relate this rela- 
tionship to patients undergoing cardiac operations. 
Since the introduction of non-blood priming solu- 
tions for extracorporeal circuits 30 yr ago, we have 
used glucose-containing solutions as the sole priming 
solution of the cardiopulmonary bypass (CPB) circuit 
as well as for intravenous solutions during operation. 
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produced more urine (3.5 £ 3.2 vs 1.2 = 1.4 mLekg™ h7’). 
By 24 h after operation, fluid balance in the LR group was 
approximately 2 L more positive than in the D5LR group. Five 
days after operation, the D5LR group weighed less than 
preoperatively (~0.8 + 2.6 kg), whereas the LR group gained 
weight (+1.0 + 2.8 kg). We conclude that use of glucose- 
containing solutions during coronary artery bypass operation 
benefits patients by decreasing perioperative fluid require- 
ments and postoperative fluid retention. Because embolism is 
the cause of most postoperative neurologic deficits, any in- 
creased risk by hyperglycemia is small. 


Key Words: ANESTHESIA, CARDIOVASCULAR. 
SURGERY, CARDIOVASCULAR—cardiopulmonary 
bypass. FLUID BALANCE, GLucosE. 
METABOLISM, GLUCOSE. 


For approximately 20 yr, our standard priming solu- 
tion has been lactated Ringer’s with 5% dextrose. 
Based on nonsystematic observations, we believed 
the glucose-containing priming solution benefited the 
patient by decreasing the volume of additional crys- 
talloid required during perfusion to maintain safe 
oxygenator volume and adequate flow. To document 
this observation, we compared in the present study 
lactated Ringer’s solution with 5% dextrose (D5LR) 
and without 5% dextrose (LR) as the sole priming and 
intravenous solution for patients undergoing CABG 
operations to determine if added glucose was advan- 
tageous. The postulated but undemonstrated risk of 
hyperglycemia in these patients could then be evalu- 
ated in the light of any demonstrated benefits of 
added glucose. 


Methods 


This study was approved by our institutional review 
board. All patients scheduled for elective primary 
CABG without additional procedures were eligible 
for study. Patients with insulin-dependent diabetes 
mellitus were excluded because their blood glucose 
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levels would confound data for nondiabetics. Patients 
over 75 yr old and those with preexisting CNS deficits 
were also excluded because these characteristics pre- 
dispose to CNS deficits after CPB (2). One hundred 
twenty patients were admitted to the study. First 
scheduled patients of each operative day were alter- 
nately assigned to receive either LR or DSLR as 
intravenous infusion during operation and as prim- 
ing solution of the extracorporeal circuit. Treatment 
was assigned alternately by the research assistant 
responsible for data collection who was unaware of 
preoperative patient characteristics. Anesthesia was 
administered by seven different anesthesiologists 
who, because of patient care considerations, knew 
the composition of the priming solutions. Patients 
were otherwise managed by a uniform anesthetic and 
surgical technique. Bifrontal electroencephalogram, 
seven-lead electrocardiogram, intraarterial blood 
pressure, and nasopharyngeal temperature were 
monitored continuously; arterial blood gas tensions 
were monitored intermittently. Anesthesia was in- 
duced with 0.2 mg/kg diazepam and 0.015 mg/kg 
fentanyl intravenously. Pancuronium (0.15 mg/kg) 
was given to facilitate tracheal intubation. Enflurane 
and 50% nitrous oxide were administered as required 
to maintain anesthesia and control hypertension. 

Cardiopulmonary bypass circuits were primed with 
20 mL/kg of assigned crystalloid with 2500 U/L heparin. 
The same solution without heparin was added as 
necessary to maintain flow above 40 mL-kg~*-min™? 
during CPB. According to our perfusion protocol, the 
minimum safe reservoir volume is 400 mL E enough 
volume to flow 15 s at 40 mL-kg™ When the 
venous reservoir volume fell ee this. safe level, the 
anesthesiologist was notified. Depending on stage of 
operation, the anesthesiologist elected to add none, 
300, or 500 mL of crystalloid to the CPB circuit. Arterial 
filters were not used. Heparin (300 U/kg) was adminis- 
tered intravenously before aortic cannulation. Anesthe- 
sia during CPB was maintained with intermittent doses 
of thiopental. During CPB, mean arterial pressures less 
than 40 mm Hg were increased with phenylephrine 
and pressures greater than 90 mm Hg were decreased 
with trimethaphan. Patients were cooled to 28°-34°C 
during CPB. All patients received 500 mL of a D5LR 
cardioplegic solution. After CPB, anesthesia was main- 
tained with enflurane in oxygen as required. Heparin 
was reversed with protamine, 1-2 mg per 100 U of 
heparin. All perfusate remaining in the CPB circuit after 
decannulation was returned to the patient. No colloid 
was given intraoperatively. 

Glucose, plasma osmolality, and hemoglobin lev- 
els were measured 15 min after induction of anesthe- 
sia, 5 min after the start of CPB (“early CPB”) and at 
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the end of CPB (“late CPB”), and upon arrival in the 
intensive care unit (ICU). Blood was sampled from the 
radial artery cannula. Glucose was measured with a 
Beckman Glucose Analyzer, osmolality with an Ad- 
vanced Digamatic Osmometer (freezing point depres- 
sion principle), and hemoglobin with a Coulter Hemo- 
globinometer. Glucose values above 1000 mg/dL, the 
maximum value of the analyzer, were considered to be 
1000 mg/dL. 

Postoperatively, 5% dextrose in 0.25% normal sa- 
line was infused in all patients. Operative and 24-h 
ICU fluid balances were recorded. Fluid balance in 
the ICU was determined by adding all intravenous 
fluid and blood products administered in the ICU and 
subtracting urine output and blood loss through 
chest tubes. Each patient was weighed preoperatively 
and on the fifth postoperative day. 

Because of the confounding effects of low cardiac 
output states and transfusion on intraoperative fluid 
balance, patients given packed red blood cells during 
operation or requiring an intraaortic balloon pump 
for weaning were excluded from further study. Thir- 
teen patients, one who required an intraaortic balloon 
pump and 12 who received blood transfusion (7 in 
the D5LR group and 5 in the LR group) were ex- 
cluded. - 

Data are presented as mean + sp. Statistical anal- 
yses were by paired and unpaired two-tailed t-tests as 
appropriate. 


Results 


One hundred seven patients, 54 in the D5LR group 
and 53 in the LR group, completed the study. The 
groups did not differ in mean age, mean weight, sex 
distribution, or presence of left ventricular dysfunc- 
tion assessed by preoperative ejection fraction. Dura- 
tion of CPB was 55 + 21 min (range, 17-165 min) for 
all patients and was not different between groups. As 
expected, glucose levels were higher in the D5LR 
group than in the LR group at all periods (Table 1). 
Glucose levels in both groups increased significantly 
at the start of CPB, decreased slightly by the end of 
CPB, and decreased significantly by arrival in the ICU. 
Changes in plasma osmolality paralleled changes in 
glucose levels (Table 1, Figure 1). Mean hemoglobin 
levels of all patients decreased from a postinduction 
value of 12.5 + 1.4 g/dL to 7.8 + 1.1 g/dL during early 
CPB as a consequence of hemodilution. Hemoglobin 
then increased to 8.2 + 1.1 g/dL by the end of CPB and 
to 10.8 + 1.4 g/dL upon arrival in the ICU. Differences 
in hemoglobin between the LR and D5LR groups were. 
not significant at any measurement period. 


Table 1. Glucose Level and Osmolality of Patients 
Undergoing Coronary Artery Bypass Operation and Given 
Lactated Ringer’s Solution With or Without Glucose 








Glucose No glucose 

Number of patients 54 53 
Glucose (mg/dL) 

Postinduction 278 + 91 107 + 53 

Early CPB 836 + 99 240 + 57 

Late CPB 680 + 117 217 + 71 

ICU 404 + 162 187 + 67 
Osmolality (mosm/kg) 

Postinduction 295 + 6 286 +5 

Early CPB 313 + 8 291 + 6 

Late CPB 309 + 9 288 + 5 

ICU 30 +9 285 +5 





CPB, cardiopulmonary bypass; ICU, intensive care unit. 
All values are expressed as mean + sD. 
All values between the two groups are significantly different (P < 0.001). 


To maintain adequate flows during CPB, patients 
in the LR group required 1.0 L more additional 
crystalloid than patients in the D5LR group (Table 2). 
Despite added crystalloid, urine output of the LR 
group was only one-third that of the D5LR group. By 
the end of operation, the LR group had received 1.2 L 
more crystalloid, excreted 400 mL less urine, and had 
a 1.5 L more positive water balance than the DSLR 
group, despite similar blood losses. During the ICU 
period, volumes of transfused blood, infused crystal- 
loid solutions, and blood loss were comparable in the 
two groups (Table 3). Although the D5LR group 
excreted more urine in the ICU, this difference was 
not significant. By the end of the 24-h ICU period, 
perioperative fluid balance in the LR group exceeded 
the D5LR group by 2.0 L (P < 0.01). Five days after 
operation, patients in the LR group weighed almost 
2 kg more than their cohorts in the D5LR group (P < 
0.001) and 1.0 kg more than their preoperative 
weight. 

Twenty-seven patients in the D5LR group and 25 
in the LR group required boluses of inotropic drugs 
for weaning from CPB, and two patients in the LR 
group required temporary infusions of inotropes to 
maintain blood pressure during the early postopera- 
tive period. Approximately 30% of patients in both 
groups were treated with single doses of furosemide 
for transient oliguria during the first 24 h. Differences 
in duration of tracheal intubation, ICU stay, and 
hospitalization could not be demonstrated in these 
small groups. One patient in the LR group suffered a 
left-sided hemiparesis present on emergence from 
anesthesia that persisted until discharge 8 wk later. A 
second patient in the LR group suffered hallucina- 
tions on emergence from anesthesia that persisted 
until the fifth postoperative day. No patient in the 
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DSLR group suffered comparable CNS complications, 
and there were no hospital deaths in either group. 


Discussion 

The risk of adding glucose to CPB priming solutions 
(1,3,4) was inferred from a postulated relationship 
between hyperglycemia at the time of CNS injury and 
the severity of the resulting neurologic deficit in 
diabetic patients suffering ischemic and hemorrhagic 
strokes. Not only were diabetic patients found to be 
at greater risk for stroke than nondiabetics, their CNS 
deficits and mortality subsequent to stroke were 
greater (3,5-8). In addition, higher blood glucose 
levels at the time of hospital admission for stroke 
were associated with higher mortality and more se- 
vere deficits (3,9). These clinical observations sug- 
gested a relationship between preexisting hypergly- 
cemia and the extent of neurologic damage (3,10). 
Other observations, however, argue against this re- 
lationship. Diabetics may be at greater risk for worse 
outcome not because of chronic hyperglycemia, but 
because chronic changes in cerebral autoregulation 
(11), increased blood viscosity (12), hypercoagulabil- 
ity (13), increased platelet adhesiveness (14), and 
abnormal endothelial cell function (15) are abnormal- 
ities typically associated with diabetics. These disease 
factors not only predispose to stroke but tend to 
increase the extent of injury when stroke occurs, 
independent of blood glucose. No data in any select 
group of patients suggest that prevention of hyper- 
glycemia before injury or that therapy to lower ele- 
vated blood glucose after injury improves outcome 
(16). In eddition, it is not clear whether the hypergly- 
cemia observed at hospital admission was present 
before injury or was a response to injury. Studies in 
patients not known to be diabetic who were first seen 
after head trauma or cardiac arrest demonstrated that 
higher admission glucose levels predicted greater 
brain injury (17-20), suggesting that the magnitude of 
the insult produced a proportional hyperglycemic 
response rather than the reverse. 

Studies in animals clearly demonstrate that hyper- 
glycemia induced by glucose administration before 
transient global ischemia worsens neurologic out- 
come and increases the mass of irreversibly damaged 
brain tissue (21-26). Similarly, animal models of focal 
cerebral ischemia followed by immediate reperfusion 
demonstrate greater neuronal damage in the pres- 
ence of preexisting hyperglycemia (27). When focal 
injuries are not followed by reperfusion, however, 
preexisting hyperglycemia either does not affect out- 
come (2&) or improves outcome (29-32). In one study 
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Figure 1. Intraoperative peripheral arterial 
glucose levels and osmolality during CABG in 
patients given lactated Ringer's solution with 
or without glucose as intravenous infusion and 
oxygenator priming solution. Ac all sampling 
periods the mean glucose and osmolality val- 
ues are significantly different between groups 
with and without glucose. 


GLUCOSE (mg/dl) 


of middle cerebral artery occlusion without reperfu- 
sion, cats who did not receive exogenous glucose but 
with high endogenous glucose levels at the time of 
occlusion had better neurologic outcome than those 
with lower endogenous glucose levels (32). 


Animal data therefore suggest that CNS deficits- 


after global and focal ischemic injuries are greater in 
the presence of preexisting hyperglycemia only when 
followed by immediate reperfusion. Focal CNS inju- 
ries not followed by immediate reperfusion are either 
unaffected or improved by preexisting hyperglyce- 
mia. Some clinical data also support these observa- 
tions. Patients suffering from transient global ische- 
mia secondary to cardiac arrest, severe hypotension, 
or hemorrhage had worse outcomes if their initially 
observed glucose levels were high (17-20). This rela- 
tionship, however, did not hold for patients with 
lacunar infarctions or other focal insults not followed 
by reperfusion (33,34). 
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Table 2. Intraoperative Fluid Balance Characteristics of 
Patients Undergoing Coronary Artery Bypass Operation 
With Administration of Lactated Ringer's Solution With 


or Without Glucose 


Glucose 
Number of patients 54 
During CPB 
Crystalloid added (mL) 144 + 270 
(mL-kg?-h74) 1.8 + 3.3 
Urine output (mL) 263 + 246 
(mL-kg~?-h7}) 3.5 + 3.2 
Intraoperative (including CPB) 
Crystalloid (mL) 4253 + 930 
Urine output (mL) 937 + 481 
Blood loss (mL) 535 + 197 
Fluid balance (mL) +2821 + 805 
(mL/kg) +34 + 11 


CPB, cardiopulmonary bypass. 
Values are expressed as mean + sp. 


Significant difference between groups, P < 0.001. 


No glucose 
53 


1147 + 1149" 

15.8 + 20.% 
94 + 120° 
1241.4 


5434 + 1293" 
537 + 370 
597 + 222 

+4336 + 1278* 
+54 + 20° 
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Table 3. Postoperative Fluid Balance Characteristics of 
Patients Undergoing Coronary Artery Bypass Operation 
With Administration of Lactated Ringer’s Solution With 
or Without Glucose 





Glucose No glucose 





Postoperative 


Crystalloid and colloid (mL) 7581 + 1689 7596 + 2487 
Blood products (mL) 205 + 413 340 + 832 
Urine output (mL) 2983 + 1065 2471 + 1230 
Chest tube loss (mL) 810 + 552 966 + 634 
Fluid balance (mL) +4011 + 1390 +4529 + 222 

(mL/kg) +50 + 19 +56 + 27 

Total (operative and 24 h ICU) 

(mL) 6832 + 1775 8865 + 2789" 

(mL/kg) 84 + 26 115 + 38" 
Weight change day 5 (kg) -0.8 + 2.6 +1.0 £28 





ICU, intensive care unit. 

Values are expressed as mean + sp. 

“Significant difference between groups, P < 0.01. 
"Significant difference between groups, P < 0.001. 


Based on these observations, patients at risk for 
global ischemic brain injury followed by reperfusion, 
such as those undergoing intraoperative elective cir- 
culatory arrest, may benefit by prevention of intraop- 
erative hyperglycemia. However, the vast majority of 
CNS deficits appearing after operations requiring 
CPB are of embolic origin (2,35,36), producing focal 
lesions not followed by immediate reperfusion. Un- 
der these circumstances, neither animal nor human 
data support the hypothesis that hyperglycemia from 
added glucose would worsen neurologic outcome 
after CPB. 

On the other hand, significant benefit accrued to 
our patients who received glucose-containing solu- 
tions in that they required 1 L less added crystalloid 
to maintain adequate perfusion flow. We speculate 
that deliberate hyperglycemia produces a parallel 
increase in osmolality (Figure 1) that reduces translo- 
cation of water from intravascular into extracellular 
spaces during CPB, thus encouraging diuresis during 
and soon after CPB. This reduction in fluid require- 
ments during CPB by addition of glucose contrasts to 
the absence of similar reduction in fluid requirements 
by the addition of 5% albumin (37,38), 20% albumin 
(39), 25% albumin (40), salt-poor albumin (41), 
hetastarch (38), or mannitol (42). Neither alterations 
in colloid oncotic pressure nor addition of mannitol 
appears to affect fluid requirements during CPB in 
the manner of glucose. 

Glucose-containing priming solutions for CPB are 
also purported to produce hyperosmolar coma and 
cause failure to waken after cardiac operations 
(43,44). Although hyperglycemia is common in hy- 
perosmolar coma, severe dehydration and large in- 
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creases in serum osmolality are the critical factors in 
its development (45-47). Arieff and Carroll (46) re- 
ported an average osmolality of 384 mosm/kg in 37 
patients with hyperosmolar coma, with no value 
under 350 mosm/kg. Gerich et al. (48) reported an 
average osmolality of 373 mEq/L in 20 patients with 
hyperosmolar coma. All patients in both reports 
required days to weeks of polyuria to produce dehy- 
dration severe enough to precipitate coma. More than 
half of these patients were not diabetic and suffered 
hyperosmolar coma from hyperalimentation coupled 
with vigorous diuretic therapy. By contrast, mean 
osmolality in our patients receiving glucose was 
313 mosm/L, similar to that reported by Verska (49) 
and Milam (50) and their associates in patients receiv- 
ing glucose during CPB. Although marked hypergly- 
cemia occurs both during CPB and in hyperosmolar 
coma, dehydration leading to coma is not a conse- 
quence of CPB regardless of glucose level. 

In this study, we demonstrated a clinically impor- 
tant benefit of glucose-containing priming solutions 
in patients undergoing CABG operations. This ben- 
efit was a significant reduction in perioperative fluid 
requirements and a reduction in postoperative fluid 
retention. Because most CNS injuries during opera- 
tions requiring CPB are embolic in origin producing 
permanent focal injury, added glucose would not be 
expected to worsen neurologic outcome in those 
patients with cerebral embolism. Given these demon- 
strated benefits to all patients undergoing CPB and 
an undocumented risk to the rare patient who may 
suffer global ischemia during CPB, we continue to 
use glucose-containing solutions in operations requir- 
ing CPB. Our data do not apply to the broader 
question of whether all surgical patients should be 
normoglycemic in the event of unanticipated circula- 
tory collapse causing transient global ischemia. A 
proper study to answer this question would require 
knowledge of a critical glucose level that does not 
worsen neurologic outcome and an anesthetic tech- 
nique that reliably prevents the hyperglycemic re- 
sponse to surgical stress. 
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The authors investigated the comparative roles of B,- and 
B,-adrenoceptors in myocardial sensitization by halothane 
in dogs. The arrhythmogenic dose (AD) of isoproterenol 
was determined in the presence of various doses of phenyl- 
ephrine during halothane anesthesia in dogs, and the 
influences of 1-metoprolol (B,-antagonist) and ICI-118,551 
(B,-antagonist) on the AD were examined. In the presence 
of 1-metoprolol, the AD of isoproterenol was significantly 
greater than the control, but in the presence of ICI-118,551, 
the AD of isoproterenol was lower, Blood pressure during 
the arrhythmias was higher in the presence of ICI-118,551 


The distribution of B-adrenoceptor subtypes has sig- 
nificant clinical relevance to the therapeutic usage of 
B-blockers (1). 6-Receptors in the heart were orig- 
inally considered to be f,-receptors (2). In fact, me- 
toprolol, a selective B,-blocker (3), has been shown to 
be effective in preventing epinephrine-induced ar- 
rhythmias during halothane anesthesia (4). However, 
f.-adrenoceptors also are present in the heart of 
vertebrates (5-7). Moreover, it has been considered 
that B,-receptors mediate positive chronotropic ac- 
tion, and they are classified as relatively epinephrine- 
selective as compared with norepinephrine (8). 
Therefore, cardiac B.-receptors might play a role in 
the genesis of ventricular arrhythmias induced by 
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than that in controis. In addition, the AD of ritodrine 
(B,-agonist) was alse determined at various doses of phen- 
ylephrine. The interaction between phenylephrine and rito- 
drine in inducing arrhythmias showed hyperbolic isoboles. 
However, 1-metoprolol completely inhibited the occurrence 
of arrhythmias induced by ritodrine and phenylephrine. The 
results suggest that myocardial B,-adrenoceptors play an 
essential role in the genesis of arrhythmias during halothane 
anesthesia in dogs, whereas B -adrenoceptors do not. 


Key Words: ANESTHETICS, voLatr.e—halothane. 
HEART, arriyTHMia. PHARMACOLOGY, 
PHENYLEPHRINE, ISOPROTERENOL, RITODRINE, 
METOPROLOL, ICI-118,551. RECEPTORS, 6- 
ADRENERGIC. 


epinephrine and halothane. This study was carried 
out to clarify the relative contributions of the B,- and 
B)-adrenoceptors in epinephrine-induced arrhyth- 
mias during halothane anesthesia. 


Materials and Methods 


Seventy mongrel dogs of either sex, weighing be- 
tween 8 and 12 kg, were used in 225 experiments. 
Whenever different experiments were performed 
with the same dog, more than 7 days was allowed to 
elapse between one experiment and the next. Anes- 
thesia was induced with halothane alone and main- 
tained at an end-tidal concentration of 1.3 MAC 
(1.1%), which was continuously measured by an 
anesthetic gas analyzer (Datex AA 102-30-00, Hel- 
sinki, Finland). The trachea of each dog was intu- 
bated with a cuffed endotracheal tube, and the lungs 
were mechanically ventilated with air (Aika R60, 
Tokyo, Japan). The end-tidal carbon dioxide concen- 
tration was continuously monitored with an expired 
gas monitor (Minato 1H 21A, Osaka, Japan) and 
maintained at a level of 35-40 mm Hg. A heating 
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lamp and a circulating water blanket were used to 
maintain esophageal temperature between 37.0 and 
38.5°C. Lead II of the electrocardiogram was moni- 
tored continuously. A femoral artery catheter was 
inserted for monitoring blood pressure and for ob- 
taining blood samples. A femoral vein was cannu- 
lated for the administration both of drugs and of a 
solution of 3% dextrose in 0.5% NaCl. The latter was 
infused at a rate of about 10 mL-kg~!-h~!. Serum 
levels of K* were maintained between 3.5 and 
4.5 mEq/mL by infusing K“ at a rate of 1-10 mEq/h. 
Arterial pH, Po, and serum Na™ were maintained 
within the range of 7.35-7.45, 85-100 mm Hg, and 
135-150 mEq/L, respectively. 

The drugs used in this experiment were phenyl- 
ephrine as an a,-agonist, isoproterenol as a B-ago- 
nist, ritodrine as a selective -agonist (1), 1-meto- 
prolol as a selective B,-antagonist, and ICI 118,551 as 
a selective B,-antagonist (9). 

The arrhythmogenic dose (AD) of each adrenocep- 
tor agonist was determined as follows. The AD was 
defined as the dose that produced four or more 
premature ventricular concentrations within 15 s (10). 
The AD was determined in each dog, and the mean 
AD value was calculated. The AD of isoproterenol 
combined with phenylephrine was determined as 
described previously (11). Isoproterenol was injected 
at logarithmically spaced increasing doses in the 
presence of different doses of phenylephrine until the 
AD was reached. In this experiment, isoproterenol 
was injected 10 s after the administration of phenyl- 
ephrine. The AD of isoproterenol combined with 
phenylephrine was determined under three differ- 
ent conditions: in the presence of i-metoprolol 
(0.4 mg/kg); in that of ICI-118,551 (0.2 mg/kg); or with 
no antagonist (control). These antagonists were ad- 
ministered before phenylephrine and isoproterenol 
injections, and no additional dose was administered. 

The AD of ritodrine combined with phenylephrine 
was also determined to evaluate the role of B- 
adrenoceptors directly. This experiment was per- 
formed in both the absence and presence of 1-meto- 
prolol (0.4 mg/kg) to exclude the possibility of 
£,-adrenergic action. 

The data were expressed as mean + sEM. The 
results of multiple groups were analyzed by one-way 
analysis of variance, and comparisons between 
groups were assessed by Student's t-test with Bon- 
ferroni correction. Student's t-test for unpaired data 
was used for comparisons between two groups. P 
values <0.05 were considered to be statistically sig- 
nificant. 


HAYASHI ET AL. 


15 (6) 
7 (6) 
D e ll 
10 em control 


seem, {-~metoprolol 
O0 1C1-118, 551 


AD of Isoproterenol (g/kg) 





5 10 15 20 
Phenylephrine (g/kg) 


Figure 1. The isoboles plotting arrhythmogenic doses of isopro- 
terencl against various doses of phenylephrine to induce arrhyth- 
mias during halothane anesthesia in the presence of 1-metoprolol 
(B,-antagonist), ICI-118,551 (8,-antagonist), or in the absence of a 
B-antagonis: (control) (mean + sem; number is shown in paren- 
theses). *P < 0.05 compared with control value. 


Results 


Figure 1 shows the isoboles plotting the AD of 
isoproterenol against the varying doses of concomi- 
tantly administered phenylephrine in the presence of 
1-metoprolol and ICI-118,551 and in the absence of 
any antagonist (control). [CI-118,551 significantly de- 
creased the AD of isoproterenol at a phenylephrine 
dose of 2.5 ug/kg; at the other phenylephrine doses it 
tended to decrease the AD of isoproterenol, although 
there was no significant difference from control 
value. On the contrary, 1-metoprolol markedly in- 
creased the AD of isoproterenol at phenylephrine 
doses of 2.5, 5.0, 10, and 20 ug/kg. At phenylephrine 
doses of 2.5 and 5.0 ug/kg, the AD of isoproterenol 
was not reached even at the highest dose of 1.6 ug/kg 
isoproterenol. Thus the AD of isoproterenol at these 
phenylephrine doses was not shown in Figure 1. 

Blood pressure and heart rate at the time of the 
arrhythmias induced by the concomitant administra- 
tion of phenylephrine and isoproterenol are shown in 
Table 1. Both systolic and diastolic arterial pressures 
at each phenylephrine dose in the presence of ICI- 
118,551 were significantly higher than those in con- 
trols; the heart rate was lower but not significantly so. 
In the presence of 1-metoprolol, blood pressure and 
heart rate were not significantly different from control 
levels. 

The AD of ritodrine combined with phenylephrine 


B-ADRENOCEPTOR AND ARRHYTHMIAS 
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Table 1. Effect of 1-Metoprolol and ICI-118,551 on Systolic and Diastolic Arterial Pressures and Heart Rate at the Time 
of the Arrhythmias Induced With Isoproterenol in Combination With Phenylephrine During Halothane Anesthesia 














Phenylephrine (g/kg) Control 1-Metoprolol ICI-118,551 

Systolic arterial pressure (mm Hg) 

2.5 132 + 9.9 (8) _ 172 + 8.5 (7) 

5.0 149 + 11.2 (8) = 186 + 8.6" (7) 

10 163 + 10.9 (7) 186 + 4.2 (6) 200 + 6.2* (6) 

20 170 + 4.8 (7) 193 + 9.6 (6) 223 + 4.8° (6) 
Diastolic arterial pressure (mm Hg) 

2.5 59 + 7.9 = 86 + 4.2" 

5.0 67 + 8.9 — 95 + 3.9 

10 78 + 5.0 94 + 7.1 107 + 5.0° 

20 81+ 6.0 91 + 4,2 121 + 6.4? 
Heart rate (beats/min) 

2.5 209 + 20.2 ma 173 + 11.2 

5.0 189 + 12.0 = 152 + 11.1 

10 166 + 14.7 151 + 3.0 151 + 7.8 

20 158 + 14.3 141 + 16.4 137 + 12.4 





Values are expressed as mean + SEM. 
“P < 0.05 compared with control value. 
èP < 0.01 compared with control value. 
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Figure 2. The isoboles plotting arrhythmogenic doses of ritodrine 
against various doses of phenylephrine required to induce arrhyth- 
mias during halothane anesthesia (mean + sEM; number is shown 
in parentheses). 


is shown in Figure 2. The interaction of phenyleph- 
rine and ritodrine in inducing arrhythmias is typically 
synergistic (12). However, as shown in Table 2, this 
interaction was not observed in the presence of 
1-metoprolol: that is, the AD of ritodrine at phenyl- 
ephrine doses of 20 and 30 ug/kg was not reached in 
the presence of 1-metoprolol. 


Table 2. The Effect of 1-Metoprolol on the 
Arrhythmogenic Dose of Ritodrine in Combination With 
Phenylephrine During Halothane Anesthesia 


AD of ritodrine (ug/kg) 


Phenylephrine 1-Metoprolol 1-Metoprolol 
(g/kg) (~) (+) 
20 113 + 19 (6) 1280 < (5)* 
30 103 + 20 (5) 1280 < (5Y 





Values are expressed as mean + sem. Number is shown in parentheses. 
“The arrhythmogenic dose was not reached at doses up to 1280 g/kg. 


Discussion 


The mechanism of myocardial sensitization by 
halothane has been investigated in several ways 
(4,11,13-17). Adrenoceptor contribution to this phe- 
nomenon has been one of the interesting questions to 
be elucidated. In 1983, contrary to a previous state- 
ment that myocardial B-receptors are responsible for 
myocardial sensitization by halothane (14), Maze and 
Smith (4) reported that myocardial a,-receptors play a 
more important role in halothane-epinephrine ar- 
rhythmias. On the other hand, Hayashi et al. (11) 
found that both a,- and B-receptor agonists are nec- 
essary to induce arrhythmias during halothane anes- 
thesia. Myocardial B-receptors were earlier consid- 
ered to be of the ,-type (2). However, it is now 
recognized not only that -receptors also exist in the 
heart of vertebrates (5-7) but that they are relatively 
selective to epinephrine compared with norepineph- 
rine (8). In this study, we examined whether g- 
receptors are involved in the myocardial sensitization 
by halothane. 
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As shown in Figure 1, the AD of isoproterenol at a 
phenylephrine dose of 2.5 g/kg in the presence of 
ICI-118,551 was significantly lower than that of the 
control, and the ADs of isoproterenol at the other 
phenylephrine doses in the presence of ICI-118,551 
tended to be lower than those of the control. On the 
other hand, the ADs of isoproterenol in the presence 
of 1-metoprolol were much higher than those of the 
control at 10 and 20 g/kg of phenylephrine. These 
results indicate that B,-blockade prevents the genesis 
of the arrhythmias, whereas f,-blockade might tend 
to potentiate the arrhythmogenicity rather than atten- 
uate it. 

B>-Receptors are recognized to be present on vas- 
cular smooth muscle (2). It is likely that ICI-118,551 
prevents the vasodilating effect of -receptors on the 
vascular smooth muscle resulting in the elevation of 
blood pressure. In fact, as shown in Table 1, both 
systolic and diastolic arterial pressures during the 
arrhythmias in the presence of ICI-118,551 were sig- 
nificantly higher than those of the control. Blood 
pressure elevation has been regarded as an important 
factor in the induction of arrhythmias during 
halothane anesthesia (11,13). Therefore, one possible 
mechanism by which ,-blockade tended to potenti- 
ate the arrhythmogenicity might be attributable to 
this blood pressure elevation. 

-Ritodrine, which is considered to be a relatively 
selective 6,~adrenoceptor agonist and is frequently 
used to prevent premature labor (1), synergistically 
interacts with phenylephrine to induce arrhythmias 
during halothane anesthesia (Figure 2). However, 
1-metoprolol, a B,-antagonist, completely inhibited 
the arrhythmogenic action of ritodrine (Table 2). This 
may be explained on the basis that the ritodrine 
dosage in this experiment was so great that ritodrine 
bound not only to £,- but also to B,-adrenoceptors, 
resulting in the induction of arrhythmias. 

Sharma (17) reported that propranolol, a nonselec- 
tive B-antagonist, was effective in preventing epineph- 
rine-induced arrhythmias during halothane anesthe- 
sia. On the other hand, Maze and Smith (4) have 
shown that 1-metoprolol, a selective B;-antagonist, is 
also useful in this respect. However, no studies have 
yet demonstrated which antagonist is more effective 
for the treatment of halothane-epinephrine arrhyth- 
mias. Vincent et al. (18) reported that B,-antagonists 
may be useful for cardioprotection because B)- 
blockade attenuates the norepinephrine release stim- 
ulated by circulating epinephrine via presynaptic 
B-receptors. Propranolol might be superior to 

1-metoprolol in this regard. However, the present 
results show that £.-blockade is not effective in pre- 
venting arrhythmias but rather potentiates the ar- 
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rhythméas resulting from enhanced blood pressure 
elevation. Thus, B,-antagonists appear to be prefera- 
ble to 6- or nonselective B-antagonists for the treat- 
ment of halothane-epinephrine arrhythmias. 

Finaly, the applicability of the present results to 
the clinical situation may be limited owing to the 
animal model used here. Actually, the vulnerability 
to myocardial sensitization by halothane differs be- 
tween cogs and humans because of a species differ- 
ence (19). 

In conclusion, myocardial B,-adrenoceptors play 
no role in inducing arrhythmias during halothane 
anesthesia as compared with the significant role of 
B,-adrenoceptors. Indeed, B,-adrenoceptor antago- 
nists might potentiate the arrhythmias resulting from 
elevated blood pressure with which they are associ- 
ated. 
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We studied the interactions of atelectasis and halothane on 
hypoxic pulmonary vasoconstriction using an isolated ca- 
nine lobe. We divided pulmonary vascular resistance into 
arterial, venous, and middle segmental resistances by a 
vascular occlusion technique. We found that middle seg- 
mental resistance significantly increased (P < 0.05) from 
0.016 + 0.007 cm H,O-mL~!-min~! during normoxic 
ventilation to 0.06 + 0.007 cm H,O-mL~!-min~! during 
hypoxic ventilation. We then produced sublobar atelectasis 
by introducing 4.5-mm steel ball bearings into the lobar 
bronchus, which resulted in a significant increase (P < 
0.05) of middle segmental resistance to 0.046 + 0.014 cm 
H,0-mL~!-min™? during normoxic ventilation and a fur- 


ther significant increase (P < 0.05) to 0.084 + 0.02 cm 
H,O-mL~!-min~! during hypoxic ventilation. Ventilation 
with 2.0% halothane but not 0.5% halothane prevented the 
increases in middle segmental resistance observed with 
either atelectasis or hypoxic ventilation. Values of arterial 
and venous segmental resistances were not similarly af- 
fected. We conclude that sublobar atelectasis increases 
pulmonary vascular resistance by stimulating hypoxic pul- 
monary vasoconstriction. Both halothane and hypoxia pri- 
marily act upon the middle vascular segment, but their 
effects are in opposite directions and, in the former instance, 
are concentration-dependent. 


Key Words: ANESTHESIA, votatite—halothane. 
LUNG, BLoop FLow—hypoxic pulmonary 
vasoconstriction. 
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Anesthesia results in decreased pulmonary compli- 
ance, which promotes small airway closure and at- 
electatic lung areas with decreased ventilation (1). 
Analysis of ventilation/perfusion (V/Q) ratios in anes- 
thetized patients has shown that increased alveolar- 
arterial oxygen gradients are due to increased perfu- 
sion of low ventilation areas (2-5). Increased 
maldistribution of perfusion and ventilation also oc- 
cur in the setting of patchy atelectasis. Although 
postoperative pulmonary atelectasis is a frequent 
complication of thoracic or upper abdominal surgery, 
arterial blood oxygenation is often minimally de- 
creased (6). The homeostatic mechanism preserving 
arterial oxygenation may be a function of active 
vasoconstriction of pulmonary vessels with resultant 
diversion of blood flow away from atelectatic alveoli. 
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By diverting perfusion away from areas of low ven- 
tilation or away from areas of intrapulmonary shunt, 
hypoxic pulmonary vasoconstriction could maintain 
V/Q ratios near normal and prevent significant de- 
creases in arterial oxygenation. In a canine model of 
atelectasis, hypoxic pulmonary vasoconstriction 
rather than mechanical obstruction of the vasculature 
is probably the predominant mechanism diverting 
blood flow away from the atelectatic lung (7-9). 
Because the regional diversion of blood away from 
low ventilation units is dependent primarily on active 
vasoconstriction, administration of agents that pre- 
vent vasoconstriction should worsen V/Q matching. 
Halothane may impair the regional control of pulmo- 
nary blood flow (10-14), and, therefore, in the setting 
of atelectasis the administration of halothane might 
worsen arterial oxygenation. 

It is possible to partition pulmonary vascular resis- 
tance into arterial, venous, and middle segment re- 
sistances by sequentially occluding the artery and 
vein of an isolated lobe (15). We have previously 
characterized the effects of halothane in an isolated 
lung lobe preparation during normoxic and hypoxic 
ventilation using this technique of vascular occlu- 
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sions (14). We found that both halothane and hypoxia 
act at the level of the middle vascular segment; 
hypoxia increases middle segment resistance and 
halothane decreases middle segment resistance. In 
this current study we extended our previous investi- 
gations and have evaluated the changes in pulmo- 
nary vascular resistance induced by halothane in a 
model of sublobar atelectasis (16). Because the effi- 
cacy of hypoxic pulmonary vasoconstriction in divert- 
ing pulmonary blood flow away from hypoxic regions 
increases with decreasing size of the hypoxic region, 
blood flow diversion is maximal with very small 
hypoxic segments and is nonexistent when the entire 
lung is made hypoxic (17,18). We would therefore 
expect that hypoxic pulmonary vasoconstriction 
could be a potent force to optimize V/Q matching in 
the presence of patchy atelectasis. In this study we 
evaluated the role of hypoxic pulmonary vasocon- 
striction in the presence of sublobar atelectasis and 
examined the interactions of halothane with hypoxic 
pulmonary vasoconstriction. These interactions were 
studied using low (0.5%) and high (2.0%) concentra- 
tions of halothane to determine if there was a con- 
centration-dependent effect of halothane on pulmo- 
nary vascular resistance. 


Methods 
Animal Preparation 


These studies were carried out with the approval of 
the University Animal Care Committee. The surgical 
preparation of the isolated lobe has been described in 
detail elsewhere (14). In brief, six mongrel dogs 
(weight, 20-30 kg) were anesthetized (25 mg/kg thi- 
opental), intubated, and ventilated (Harvard ventila- 
tor) with room air at a tidal volume of 20 mL/kg. 
Catheters were inserted into the abdominal aorta via 
the femoral artery for subsequent removal of blood 
and into the femoral vein for drug administration. 
The left upper lobe was surgically removed to facili- 
tate exposure of the left lower lobe. The left lower 
lobe artery and vein were dissected and cannulated. 
A No. 6 cuffed tracheal tube was inserted into the 
lobar bronchus through a bronchotomy. After the 
cannulae were inserted and the lobe isolated, the 
animals were killed by injection of 10 mL supersatu- 
rated KCI solution. The cannulated lobe was left in 
situ within the thoracic cavity and was connected to 
an extracorporeal circuit. The lobe was perfused with 
400 mL phlebotomized autologous blood diluted to 
500 mL with heparin (1000 U) and normal saline. 
Pulmonary venous blood passively drained into a 
venous reservoir and was pumped by a roller pump 
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through a heat exchanger, filter, and bubble deoxy- 
genator (95% N, 5% CO,) and was then returned to 
the arterial reservoir. The lobar bronchus was venti- 
lated independently of the remainder of the lung by a 
second Harvard ventilator (Vr = 150-200 mL). Lobar 
arterial pressure (Pa) and venous pressure (Pv) were 
adjusted by varving the heights of the respective 
reservoirs. Lobar arterial and venous pressures were 
measured at pressure ports near the arterial and 
venous cannulae, respectively. Airway pressure was 
measured with an air-phase transducer connected by 
low-compliance tubing to a port near the endobron- 
chial tube. Before commencing the experimental pro- 
tocol, at least 30 min was allowed for the preparation 
to stabilize as assessed by a constant flow (Q,) over a 
5-min period. Heparin (1000 U) and 50% dextrose 
(1 mL) were added to the circuit every 30 min. 


Calculations 


Using methodology similar to that described by 
Hakim et al. (15), total pulmonary vascular resistance 
(Riot) was divided into arterial segment resistance 
(Ra), middle segment resistance (Rm), and venous 
segment resistance (Rv). We calculated the distribu- 
tion of resistances using the pressure changes after a 
venous or arterial occlusion (14). After an arterial 
occlusion an initial rapid decrease in pressure (APa) 
followed by a slow decrease in pressure was recorded 
at the arterial pressure port. Similarly, after venous 
occlusion we recorded a rapid increase in venous 
pressure (APv) followed by a slow increase in pres- 
sure. Total pulmonary vascular resistance was calcu- 
lated as (Pa — Pvy/Q,. Arterial and venous segment 
resistances were calculated as APa/Q, and APv/Q,, 
respectively. Middle segment resistance was calcu- 
lated as Roe ~ (Ra + Rv). 

Venous admixture (Qy,/Q,y) through the lobe was 
calculated from the following equation: Qy,/Qy; = 
(Cc'o, — Cpao3)/(Cc’0, — Cpvo,), where Cxo, refers 
to the content of oxygen in blood and c’ is the end 
capillary blood, pv is the pulmonary venous blood, 
and pa is the pulmonary arterial blood. Oxygen 
contents were calculated from derived oxygen satu- 
rations (19) and hemoglobin concentrations. Alveolar 
Po, was calculated using the alveolar gas equation; 
pulmonary arterial and venous values of Po, (Pao, 
and Pvo,, respectively) were directly measured. He- 
moglobin, in turn, was estimated as one-third of the 
measured hematocrit. 
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Experimental Protocol 


After the stabilization period, baseline flow was set 
by adjusting Pa to near 20 cm H,O and Pv to 5 cm 
H20. This ensured zone 3 conditions for flow during 
the remainder of the experiment. The lobes received 
five paired periods of ventilation. The lobes were 
initially ventilated with a control gas mixture (35% 
O2, 7% CO, 58% N») followed by ventilation with a 
hypoxic gas mixture (3% O2, 7% CO , 90% N3). After 
these baseline ventilatory periods with control and 
hypoxic gas mixtures (period C and period H, respec- 
tively), the lobe was denitrogenated by ventilation 
with 100% O, for 10 min. We then produced sublobar 
atelectasis by introducing steel ball bearings (4.5 mm 
diameter) into the left lobar bronchus. The ball bear- 
ings (range, 20-30) were given in numbers adequate 
to decrease lobar Pvo, by 20 mm Hg. After the 
introduction of the steel ball bearings, tidal volume 
was reduced to maintain peak inspiratory pressure 
similar to that measured during period C. After 
production of atelectasis, the lobes were again venti- 
lated with paired periods of control gas (period CA,) 
and hypoxic gas (period HA,). The lobes were then 
ventilated with the control gas mixture to which 
halothane in a concentration of 0.5% (period CAj 49 5) 
or 2.0% (period CA2 9) was added. Each control gas 
ventilation period (periods CAyjy.5 and CApp o) was 
followed by a matched period with the hypoxic gas 
mixture to which the appropriate concentration of 
halothane was added (period HA; 5 and period 
HApz.o respectively). The order of administration of 
halothane concentrations (0.5% or 2.0%) was ran- 
domized. We used an Ohio halothane vaporizer at a 
flow of 3 L/min to generate the two concentrations of 
halothane. After these periods, the lobes received a 
final paired period of ventilation with the control gas 
mixture (period CA) followed by the hypoxic gas 
mixture (period HA,) without any added halothane. 

Venous and arterial occlusions were performed in 
triplicate at the end of each ventilatory period. The 
occlusions were produced after stopping the ventila- 
tor at the end expiration. Immediately preceding the 
occlusion, blood was withdrawn from the arterial and 
venous cannulae for blood gas and hematocrit deter- 
mination. Blood samples were analyzed for Po,, 
Pco,, and pH at 37°C (Corning 162-2) using appro- 
priately calibrated electrodes and were then corrected 
for blood reservoir temperature (19,20) after calculat- 
ing hemoglobin saturation from a standard nomo- 
gram (19). Inspired gas samples were also withdrawn 
before occlusions and were analyzed for Nj, Oz, CO,, 
and halothane concentrations using a SARA mass 
spectrometer. 
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Statistics 

Values of blood gas tensions, inspired gas concentra- 
tions, and hemodynamic functions were compared 
between ventilatory periods using a one-way analysis 
of variance. Where the F statistic showed a significant 
difference, paired t-tests were used to determine 
which groups were different. Sidak’s multiplicative 
inequality was used to correct for the number of 
comparisons made between groups (21). Interactions 
between resistance and venous admixture were eval- 
uated using a linear regression analysis. A P value < 
0.05 was considered to show a statistically significant 
difference. Values are shown as mean + standard 
deviations. 


Results 


By analysis of variance there were no differences 
between ventilatory periods in temperature, hemato- 
crit, lobar venous and arterial Pco,, lobar venous and 
arterial pH, and inspired CO, concentrations (see 
Table 1). Values of Fio, were similar in all control 
ventilatory periods and were also similar in all hy- 
poxic ventilatory periods. Because we used a lower 
Fro, during the hypoxic periods, the measured values 
of Fro, were markedly lower during the hypoxic 
periods compared with the control periods. Inspired 
halothane concentrations (FrHal) were similar in the 
paired control and hypoxic periods. During periods 
CAno.s and HAs, the mean values of FiHal were 
0.48% + 0.13% and 0.51% + 0.10%, respectively. 
During periods CAj q and HA; 9, the mean values 
of FiHal were 2.28% + 0.33% and 2.24% + 0.32%, 
respectively. During all other ventilatory periods we 
did not add halothane to the inspired gases and there 
was no measurable amount of halothane present. 
Table 2 indicates selected blood gas tensions and 
hemodynamic values. Values of lobar Pao, were 
similar in all 10 ventilatory periods (P > 0.05). Values 
of lobar Pvo, were similar during the five hypoxic 
ventilatory periods and were significantly below val- 
ues during matched control ventilatory periods. Val- 
ues of Pvo, were significantly higher during period C 
(before atelectasis was induced) compared with all 
other control gas ventilation periods. Because of the 
small differences in Po, between arterial and venous 
blood during hypoxic periods, Qy,/Q; was calcu- 
lated only for control ventilation periods. Values of 
Qva/Qr increased from 9.5% + 6.0% during period C 
to 21.8% + 12.6% during period CA, (P < 0.05). The 
addition of halothane (periods CAjjo.5 and CA 9) 
did not result in significant changes in the absolute 
values of Qy,/Qy (P > 0.05). Venous admixture 
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Table 1. Controlled Variables for the Ten Ventilatory Periods 
Temp Het Pycoz Paco, FICO, Fio, FrHal 

Co) (%) (mm Hg) (mm Hg) pvH paH (%) (%) (%) 
Period C 37 + 0.5 2741 4525 41 +5 7.23 + 0.05 7.28+0.05 6240.5 31+ 2 0 
Period H 37+0.5 271 42=3 40 +3 7.294004 7.314004 6405 3.541 0 
Period CA, 37+0.5 2721 4424 40+1 7.244004 7304002 641 3141 0 
Period HA, 3740.5 26+2 41 = 4 4142 7.28 + 0.03 7.294004 61 3.51 0 
Period CApo.5 37+0.5 27£2 43:5 41+2 7.23 + 0.04 7.28+0.03 6+1 3042 0.48 + 0.13 
Period HAyos 37405 2742 4242 40 +2 7.28+0.03 7.30+0.05 5+1 35+1 O5i+01 
Period CAj2.0 37 +05 26+2 45 +6 4143 7.23 + 0.03 7.294003 621 30 +2 2.28 + 0.33 
Period HAppg 37405 2642 41 +3 40 +3 7.27 + 0.03 7.28 +004 61 3541 2.24 + 0.32 
Period CA, 37 +05 2642 4445 40 +3 7.22 + 0.02 7.282903 6+1 312 0 
Period HA, 37 +05 2642 41+2 40 +2 7.27 +0.04 7.274904 6241 3.541 0 





Temp, temperature; Het, hematocrit; Pvcoz, pulmonary venous blood carbon dioxide partial pressure; Pacoz, pulmonary arterial blood carbon dioxide 
partial pressure; pvH, pulmonary venous pH; paH, pulmonary arterial pH; Fico, fraction inspired carbcn dioxide; Fra,, fraction inspired oxygen; FrHal, 
fraction inspired halothane. 

By analysis of variance controlled variables were similar except for Fro, and FiHal, which varied by experimental period. 


Table 2. Selected Hemodynamic and Blocd Gas Tensions for the Ten Ventilatory Periods 





Pao, Pvo, ÒL Pa Pv QOva/Qr 
(mm Hg) (mm Hg) (mL/min) (cm H,O} (cm H,0) (%) 
Period C 37 + 10 115 +20 190417 20.6 + 0.5 5.0 + 0.9 9.5 £ 6.0 
Period H 29 Ł 11 28+6" 127 +2% 21.2 + 1.0 4.5 +41.1 — 
Period CA, 30 + 11 77 £23" 136 + 24° 21.0 + 1.3 4.3 +10 21.8 + 12.6? 
Period HA, 2+7 277 93 + 10°? 20.7 + 1.5 4.3 + 0.9 — 
Period CApo.s 3144 69+ 18 143+ 12° 21.7 + 0.5 4.0 +0 29.5 + 10.2 
Period HAgin 2625 3227 101 l 20.3 + 0.8 4.0 + 0.9 ~ 
+17 
Period CAn20 32 + 6 69 +17% 174+ 25 20.8 + 0.8 4.8 + 0.4 33.8 + 13.0° 
Period HAyp o 3027 36 + 10 173 + 26 20.5 + 1.1 4.8 + 0.8 — . 
Period CA, 30 +7 65 +19 135 +21 21.2 + 1.8 4.7 + 0.8 34.5 + 12,1° 
Period HA, 26 + 10 33210" 87 + 14% 21.7 + 1.4 4.7 + 1.0 a 





Paco, pulmonary arterial Poz; Pvo,, pulmonary venous Poy; Qu, lobar flow; Pa, pulmonary arterial pressure; Pv, pulmonary venous pressure; Qy,/Qr, 
venous admixture. 

By analysis of variance Pvoz, Qy4/Qr, and Q, demonstrated significant differences between ventilatory periods. 

“Significant difference between control and matched hypoxic period (P < 0.05). 

‘Significant decrease from the initial periods C or H and subsequent control or hypoxic periods, respectively (P < 0.05). 

Note that values of Q, are similar only among period C, period CAjp 9, and period HA; o- 


(Qy4/Q7) showed a trend for values to increase lar resistance and its subdivisions during the 10 
during periods CApo.5 and CA: 9, with values in- ventilatory periods. Both R,,, and Rm were signifi- 
creasing to 168% + 91% and 168% + 65%, respec- cantly greater during the hypoxic periods compared 
tively, of the value during period CA}. Even when with their matched control periods (petiods C and H; 
ventilation with halothane was discontinued (period CA, and HA; CApo.s and HApo.s; CA, and HA,), 
CA,), Qya/Qy remained increased over values calcu- except when comparing period CApz2. with period 
lated during period CA, (195% + 115% of the value HA; 9. During ventilation with 2.0% halothane, Rot 
during period CA,). There were no significant differ- | and Rm were similar with both control and hypoxic 
ences in mean values of Pa and Pv between periods. gas ventilation (P > 0.05). Values of Ri, and Rm 
The lobar flow (Q) was significantly lower during all followed the same pattern as values of Q,. Values 
hypoxic ventilatory periods than during the control of R and Rm increased from period C to periods 
ventilatory periods except during ventilation with CA, CAyos, and CA, (P < 0.05). Values of R, and 
2.0% halothane (period HA; 9). Values of Ò, signif- Rm were similar in periods C and CA; 9. During 
icantly decreased from period C to period CA;. They periods HA, and HA), both Rio and Rm were signif- 
remained lower during period CA;,,.5, increased dur- icantly greater than during period H. During period 
ing period CA; », and then decreased again during HAj>5, both Rew and Rm were similar to values 
period CA». during period H. With the increasing concentration 

Table 3 illustrates the values of pulmonary vascu- of halothane during period HAz po, values of both 





444 ANESTH ANALG JOHNSON ET AL. 
1991;72:440-8 
Table 3. Pulmonary Vascular Resistance and Its Subdivisions During the Ten Ventilatory Periods 
Rice Ra Rm Rv 

Period C 0.083 + 0.01 0.031 + 0.003 0.016 + 0.007 0.036 + 0.007 
Period H 0.135 + 0.007" 0.033 + 0.021 0.06 + 0.007 0.041 + 0.022 
Period CA, 0.125 + 0.017 0.032 + 0.009 0.046 + 0.014? 0.047 + 0.011 
Period HA, 0.178 + 0.036"? 0.032 + 0.015 0.084 + 0.02" 0.063 + 0.024 
Period CAuo.s 0.110 + 0.011? 0.029 + 0.006 0.036 + 0.004? 0.045 + 0.009 
Period HAnos 0.166 + 0.033" 0.029 + 0.010 0.074 + 0.029" 0.063 = 0.015 
Period CA; 9 0.094 + 0.019 0.030 + 0.007 0.022 + 0.007° 0.043 + 0.015 
Period HA; o 0.093 + 0.018° 0.030 + 0.007 0.022 + 0.006° 0.041 + 0.016 
Pariod CA, 0.125 + 0.022° 0.031 + 0.068 0.035 + 0.005" 0.059 + 0.02° 
Period HA, 0.201 + 0.04%” 0.026 + 0.009 0.093 + 0.026"? 0.082 + 0.025" 





Riot total resistance; Ra, arterial segment resistance; Rm, middle segment resistance; Rv, venous segment resistance 

All resistance values are measured in units of em H,O-mL~!-min7'. Explanation of the ventilatory periods can be found within the text. 
“Significant increase between control periods and matched hypoxic periods {P < 0.05). 

*Significant increase from the initial periods C or H and subsequent control or hypoxic periods, respectively (P < 0.05). 

Significant decrease between periods CA, and CAs. 9 (p < 0.05) and between periods HA, and HA 9 (P < 0.05). 


Rio: and Rm were further reduced compared with 
values obtained during period HAr 5. Values of Ra 
were similar in all 10 ventilatory periods. Values of Rv 
were also similar in periods C and H. After the 
production of atelectasis, Rv tended to be higher 
during the hypoxic periods than in matched control 
periods, but this difference was not statistically sig- 
nificant (P > 0.05). Values of Rv were significantly 
higher during periods CA, and HA, than during 
periods C and H. 


Discussion 
Hypoxic Pulmonary Vasoconstriction 


Previous studies examining the effects of halothane 
on hypoxic pulmonary vasoconstriction have yielded 
conflicting results (10-13,22-25). Marshall and Mar- 
shall (10) have proposed that halothane might di- 
rectly inhibit hypoxic pulmonary vasoconstriction but 
that secondary effects of halothane might indirectly 
augment hypoxic pulmonary vasoconstriction. The 
dual effects of halothane might then account for some 
of the differences in results between groups of inves- 
tigators. The isolated canine lobe allows for careful 
control and measurement of these potentially con- 
founding variables (9). In our study we controlled 
both pulmonary artery Po, and vascular pressures in 
order to eliminate their independent effect on pulmo- 
nary vascular resistance. Using an isolated lobe also 
removes any secondary neuronal and systemic hu- 
moral influences and allows the specific effects of 
halothane on pulmonary vascular resistance to be 
evaluated. 

We used methodology similar to that described by 


Hakim et al. (15) to subdivide pulmonary vascular 
resistance into arterial, middle, and venous segment 
resistances. We have previously described how our 
experimental preparation allows comparison of our 
results with those obtained by others despite some 
methodological differences among the studies (14, 
26). In our previous experiments we found that 0.5% 
halothane prevented the increases in middle segment 
resistance induced by hypoxia (14). In the normal 
canine vasculature, we found that both halothane 
and hypoxia acted solely on the middle vascular 
segment but had opposing actions; i.e., hypoxia 
increased Rm whereas halothane decreased Rm. We 
extended our earlier experiments concerning the in- 
teractions of halothane with hypoxia to include the 
role of prostaglandins by inducing cyclooxygenase 
blockade (26). Cyclooxygenase blockade acts to de- 
crease the release of vasodilating prostaglandins 
(e.g., PGL), which are released with a hypoxic stim- 
ulus and thereby can augment hypoxic pulmonary 
vasoconstriction (27). We found that after cyclooxy- 
genase inhibition, the middle segment resistance 
response to hypoxia was greatly augmented. We also 
found that ventilation with high concentrations of 
halothane (2.0%), but not with low concentrations of 
halothane (0.5%), could prevent the increase in mid- 
dle segment resistance seen in this setting (26). These 
results suggest that as the intensity of the stimulus 
for hypoxic pulmonary vasoconstriction is aug- 
mented, a greater concentration of halothane is nec- 
essary to antagonize the mediators of hypoxic pulmo- 
nary vasoconstriction and thereby to block further 
increases in resistance. In our current experiments we 
speculated that halothane would be a less potent 
inhibitor of hypoxic pulmonary vasoconstriction 
when the hypoxic pressor effect was augmented in an 
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atelectatic isolated lobe compared with the untreated, 
otherwise normal, isolated lobe. 


Experimental Conditions 


We attempted to control variables that might inde- 
pendently affect vascular resistance and thereby con- 
found interpretation of our results. We maintained 
the lobe vasculature in zone 3 conditions for flow 
during all vascular occlusions by fixing the arterial 
inflow and venous outflow pressures throughout all 
ventilatory periods. Also, because hematocrit can 
independently affect middle segment resistance (28), 
we maintained hematocrits at similar levels through- 
out between all periods. Arterial pH and venous pH 
were allowed to remain in an acidotic range to poten- 
tially further augment hypoxic pulmonary vasocon- 
striction (29). However, both pH and Pco, were 
maintained at similar values throughout all the exper- 
imental periods and therefore cannot account for any 
of the differences we observed between periods. 
Inspired halothane concentrations were also similar 
between the matched control and hypoxic ventilation 
periods; i.e., FrHal in period CAyjo.5 was similar to 
that in period HAgo.5, and FrHal in period CAip o 
was similar to that in period HAyy 9. We maintained 
pulmonary arterial oxygen concentrations at similar 
levels in all ventilatory periods by setting the level of 
Pao, using a bubble deoxygenator. In this manner the 
stimulus due to pulmonary arterial oxygen concen- 
trations would be similar between periods and would 
not independently influence resistance. Mean values 
of pulmonary venous oxygenation were maintained 
near 30 mm Hg during all hypoxic ventilatory peri- 
ods. Any differences between control and hypoxic 
ventilation periods would have been due to the 
differences in inspired oxygen concentrations and its 
effects on pulmonary vascular resistance. Similarly, 
any differences between periods measured during 
ventilation with the same Fro, would have been due 
to the effects of atelectasis. Lobar venous Po, started 
at 115 + 20 mm Hg during the baseline control 
period. We had prospectively decided to induce 
sufficient atelectasis to decrease lobar venous Po, by 
approximately 20 mm Hg. 


Sublobar Atelectasis 


Using a multiple inert gas method, Lee et al. (16) have 
shown that introduction of steel balls of 4.8-mm 
diameter into the lower and middle lobes of dogs 
produces a bimodal pattern of V/Q distribution. They 


found increased low V/Q regions after atelectasis and 
suggested that ball bearings of 4.8-mm diameter 
occlude the airway at a location sufficiently proximal 
to minimize the effects of collateral ventilation in 
helping match ventilation and perfusion. They also 
found a small increase in intrapulmonary shunt, on 
the order of 14%, in the animals after atelectasis. 
Therefore, introducing small beads into the airway 
can produce both increased intrapulmonary shunt 
and increased V/Q heterogeneity. We used a modifi- 
cation of this model of sublobar atelectasis to mimic 
the common clinical situation of patchy atelectasis 
encountered both during anesthesia (1) and in the 
postoperative period. In our experiments we used 
similarly sized ball bearings to induce atelectasis and 
therefore expected that we would produce a similar 
lesion. We noted that after introducing only 20-30 
ball bearings, pulmonary venous Po, could be de- 
creased by at least 20 mm Hg and venous admixture 
significantly increased. With this degree of airway 
obstruction, peak airway pressures increased. Tidal 
volume was adjusted to maintain similar peak airway 
pressures to that of the initial control ventilatory 
period. In this manner, we hoped to minimize the 
effects of transmitted airway pressure on pulmonary 
vascular resistance (30-32). 

After production of atelectasis (period CA,), both 
Rio and Rm increased above levels in the baseline 
control ventilatory period (period C). When the at- 
electatic lung was ventilated with a hypoxic gas 
mixture (period HA,), both R,,, and Rm were further 
increased compared with the increases induced by 
atelectasis alone. These values were also higher than 
those observed due to hypoxia alone (period H). If 
mean values for total resistance during the baseline 
periods are compared (period C and period H), the 
hypoxic stimulus increased resistance by 0.052 cm 
H,0-mL"?-min™. A similar hypoxic stimulus after 
induction of atelectasis (period CA, and period HA,) 
caused resistance to increase by 0.053 cm H,O-mL™"- 
min~’. The changes in middle segment resistance 
follow an almost identical pattern and suggest that 
both hypoxic ventilation and atelectasis have additive 
effects at the level of the middle vascular segment. 
Neither Ra nor Rv showed significant increases dur- 
ing these same periods. These results suggest that 
atelectasis and lobar hypoxic ventilation have inde- 
pendent but additive effects. As more than 70% of the 
increased vascular resistance was localized to the 
middle segment, both lobar hypoxia and sublobar 
atelectasis stimulate hypoxic pulmonary vasocon- 
striction. Alternatively, local trauma induced by air- 
way occlusion with ball bearings might increase vas- 
cular resistance by release of vasoactive mediators 


(16). These mediators, however, have not been 
shown to have a major influence on middle segment 
resistance (15). 


Inhalation Anesthetics 


We previously noted that in the otherwise normal 
isolated lobe, 0.5% halothane inhibited the specific 
effects of hypoxia on middle segment resistance (14). 
In these current studies we found that in the atelec- 
tatic lobe, 0.5% halothane no longer fully prevents 
the increase in Rm and Rø seen with hypoxic pul- 
monary vasoconstriction, but it does act to diminish 
the magnitude of the pressor response. These current 
studies are not completely analogous to our former 
investigations, as the pulmonary artery concentration 
of halothane was probably reduced after deoxygen- 
ating the pulmonary venous outflow blood. Al- 
though we did not measure blood halothane concen- 
trations, the inhibition of hypoxic pulmonary 
vasoconstriction by pulmonary artery halothane is 
less than half as potent as the inhibition caused by 
alveolar halothane. Thus it is unlikely that the ab- 
sence of pulmonary artery halothane is the predom- 
inant mechanism through which 0.5% halothane has 
a diminished effect in the atelectatic lobe. An in- 
creased concentration of halothane (2.0%) fully pre- 
vented the increase in Rm and Rot during ventilation 
with either control or hypoxic gas mixtures (periods 
CApeo and HA; » >). The effects of halothane on 
resistance were reversible because both R, and Rm 
increased during periods CA, and HA, when the 
lobes were ventilated without halothane. 

` The interaction of halothane with gas exchange 
homeostasis is less clear than the effects on pulmo- 
nary vascular resistance. As expected, Qya/Qr 
increased, and pulmonary venous oxygenation 
decreased, after the production of sublobar atelec- 
tasis. Although both Qy4/Qr and pulmonary venous 
oxygenation tended to worsen during halothane 
ventilation, these changes did not achieve statistical 
significance. Also, Qy4/Qr tended to worsen sponta- 
neously from the initial measurements during period 
CA, to the final measurements during period CA), 
thus obscuring further the independent effects of 
ventilation with halothane on Qy,/Qy. During peri- 
ods CApo.5 and CAyzy 9, there was a trend for the 
animals with the larger values of venous admixture to 
have the lesser increases after halothane administra- 
tion. We did not directly measure oxygen saturations 
or blood contents of oxygen but rather calculated 
contents from the measured values of Po. We found 
very small differences between lobar venous and 
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lobar arterial Po, during all the hypoxic periods, and 
this did not allow for meaningful shunt calculations. 
Therefore, no attempt was made to calculate values of 
Qy./Qy during the hypoxic ventilatory periods. We 
could not therefore determine if the animals with the 
strongest response to hypoxia had the larger in- 
creases in venous admixture in response to halothane 
administration. 

If hypoxic vasoconstriction acts to minimize Qy,/ 
Qr, we would expect that as middle segment resis- 
tance increased, Qy,/Qy would decrease. We there- 
fore compared the change in Qy4/Qr with the change 
in middle segment resistance in each animal. We 
calculated the change in Qy,/Qy from each control 
ventilation period to the subsequent control ventila- 
tion period (e.g., period C to period CA,; period CA, 
to pericd CAjins; period CAyos5 to period CAm œ 
period CA; 9 to period CA,). We then similarly 
calculated the change in middle segment resistance 
and then compared the change in middle segment 
resistance with the change in Qy,/Qy using linear 
regression. We found a correlation coefficient of 0.33 
(P > 0.05) for the resultant relationship. Using the 
same methods, we also compared the change in total 
resistance with the change in Qy,/Qy and found a 
correlation coefficient of 0.3 (P > 0.05). This suggests 
that changes in resistance were not associated with 
concurrent changes in Qy,/Q;. This was different 
from prior observations in canine atelectasis, in 
which systemic administration of a vasodilating pros- 
taglandin caused increased shunt and the largest 
increases in shunt occurred in the animals with the 
strongest hypoxic vasoconstriction (17,33). In a ca- 
nine model of one-lung atelectasis, nitroprusside 
administration was also associated with large in- 
creases in shunt (34). Our data suggest that halothane 
administered by inhalation may act differently than 
vasodilators administered systemically. If alveoli re- 
ceive any ventilation, then some halothane would 
enter these alveoli and cause vasodilation. In alveoli 
that receive no ventilation (true intrapulmonary 
shunt), the only halothane that would reach the 
blood vessels would have to arrive through the 
circulation. In our preparation, blood passed through 
a deoxygenator before perfusing the lobar vascula- 
ture. It is likely that significant quantities of 
halothane were also removed along with oxygen. 
This would tend to amplify the inhalational effect of 
halothane because the vascular delivery was probably 
low. Then halothane would vasodilate those lung 
units with low V/Q ratios to a greater extent than 
units with true shunt. This would cause a lesser 
increase in Qy,/Qry than if both low V/Q and true 
shunt units were equally vasodilated. The vasodilator 
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effects of halothane might be limited in the most 
severely affected lung regions and thus prevent wors- 
ening of shunt. Furthermore, comparisons of Qy,/Qry 
between periods were obscured by the ongoing in- 
creases in Qy,/Qry with time in our preparation (i.e., 
there were large increases in Qy,/Qy from period 
CA, to period CA,). This variability does not allow 
for a more complete evaluation of the interactions of 
halothane with gas exchange homeostasis. 

We conclude that halothane at low concentrations 
(0.5%) acts initially to diminish the additive increases 
in pulmonary vascular resistance with hypoxic venti- 
lation (lobar hypoxia) and atelectasis (sublobar hy- 
poxia). Increasing halothane concentrations (2.0%) 
may prevent the increases in pulmonary vascular 
resistance due to hypoxic pulmonary vasoconstric- 
tion whether induced by lobar hypoxia or sublobar 
atelectasis. This would be consistent with the hypoth- 
esis that sublobar atelectasis results in increased 
pulmonary vascular resistance through augmentation 
of hypoxic pulmonary vasoconstriction and not by 
mechanical compression of the pulmonary vessels. 
Our current findings are similar to our previous 
observations of the interaction of halothane with 
cyclooxygenase inhibition (26). It is possible to mini- 
mize the effects of low concentrations of halothane by 
increasing the strength of the hypoxic pressor re- 
sponse (cyclooxygenase blockade), or, as these re- 
sults suggest, if hypoxic pulmonary vasoconstriction 
is required to maintain adequacy of gas exchange, 
then increasing concentrations of halothane may in- 
terfere with these homeostatic mechanisms. 

Although our findings may not be directly appli- 
cable to the clinical setting, we caution that high 
concentrations of halothane do interfere directly with 
hypoxic pulmonary vasoconstriction and may be a 
cause of worsened gas exchange when underlying 
lung disease is present. As well, when evaluating 
studies examining the effects of halothane on hypoxic 
pulmonary vasoconstriction, the method by which 
alveolar hypoxia is produced and the route(s) by 
which halothane is administered may be contributing 
factors to the observed results. 
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This study examined the hypothesis that headache after 
general anesthesia is related to a caffeine withdrawal state. 
Two hundred eighty-seven patients undergoing minor elec- 
tive procedures under general anesthesia were studied. Four 
to six hours after anesthesia each patient completed a 
questionnaire assessing his or her own alcohol, tobacco, and 
caffeine consumption, and the occurrence of postoperative 
side effects. A highly significant difference was found 
between the caffeine consumption of patients with and 
without preoperative (P = 0.0035) and postoperative (P < 
0.0001) headache. Logistic regression analysis of trend 
between headache and caffeine consumption suggested that 


Caffeine is the most widely consumed, stimulatory 
psychotropic. It is a methyl xanthine, the principal 
action of which is thought to be brought about by a 
competitive antagonism of the inhibitory neurotrans- 
mitter adenosine (1). Caffeine-related morbidity is 
relatively common and occurs either as a direct result 
of caffeine intake or as a result of withdrawal after 
abstinence (2-8). 

Caffeine toxicity, or “caffeinism,’’ is due either to 
an excessive caffeine intake or to an increased sensi- 
tivity to its effects. Described as a syndrome similar to 
that of anxiety neurosis, it is associated with nervous- 
ness, irritability, headache, muscular twitching, in- 
somnia, and myocardial stimulation, which may be 
reflected in premature ventricular contractions and 
tachycardia (2-4). 

A caffeine withdrawal syndrome has also been 
described, the most consistent symptom being head- 
ache. Withdrawal typically occurs within 24 h of 
abstinence in those who regularly consume large 
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with each 100-mg increase in caffeine consumption, there 
was a 12% increase in tne odds of headache developing in 
the immediate preoperative period (P < 0.0066) and a 16% 
increase in the odds of postoperative headache developing 
(P < 0.0001). No relationship was found between headache 
and the patients’ age, sex, usual frequency of headache, 
consumption of alcohol or nicotine, or the anesthetic agents 
or adjuvants used. It is concluded that postoperative head- 
ache is related to caffeine intake and that this relationship is 
explained, at least in part, by a perioperative caffeine 
withdrawal syndrome. 


Key Words: COMPLICATIONS, 
HEADACHES—postoperative. PHARMACOLOGY, 
CAFFEINE. 


quantities of caffeine (5-7). Objective (electromyo- 
graphic alterations) evidence of withdrawal may be 
detected after only 3 h of abstinence (8). 

In North America it has been estimated that more 
than 90% of adults consume caffeine-containing bev- 
erages, with a daily per capita intake averaging 
approximately 200 mg (9). Because the amount of 
caffeine associated with withdrawal symptoms may 
be as low as 190 mg/day, it is possible that a signifi- 
cant proportion of the population could suffer with- 
drawal if intake is stopped (8). 

Before anesthesia, patients routinely undergo pe- 
riods of fasting similar to those that are capable of 
precipitating withdrawal. Many patients are high 
caffeine users (10), and it is therefore to be expected 
that some will suffer withdrawal symptoms in the 
perioperative period. One of the most frequent post- 
operative side effects of general anesthesia is head- 
ache (11,12), and, although commonly ascribed to the 
effect of anesthetic drugs, this symptom could be the 
result of caffeine abstinence. If this hypothesis were 
correct, it would be expected that a significant posi- 
tive relationship would be found between the inci- 
dence of postoperative headache and the preopera- 
tive ingestion of caffeine. In this survey we examine 
this relationship. 
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Methods 


This was an open study of 300 male and female 
patients between the ages of 18 and 75 yr undergoing 
minor outpatient surgery under general anesthesia, 
who were not being treated medically with methyl- 
xanthine medications. All patients underwent endo- 
scopic or body surface procedures on the morning of 
study and, in the afternoon, between 4 and 6 h 
postoperatively, were approached for inclusion in the 
study. Each patient was asked to complete a ques- 
tionnaire to ascertain the following (in addition, the 
questionnaire contained other items unrelated to this 
present study): 


1. The occurrence of specified side effects after anes- 
thesia, up until the time of questionnaire comple- 
tion. Side effects sought included dizziness, un- 
steadiness, headache, nausea, vomiting, and 
irritability using the format: 

At any time AFTER your anesthetic today did you have 
any of the following? (Circle your answer.) 
Nausea: Definitely yes Unsure Definitely no 

2. Using a similar format, whether any of these side 
effects had been present on the day of operation at 
any time before the anesthesia. 

3. On how many days a week alcohol was normally 
consumed and whether any alcohol had been 
consumed on the day before anesthesia. 

4. The daily number of cigarettes, cigars, pipes, or 
cups of caffeinated tea, filtered or instant coffee 
consumed. All questions were of similar format: 
Over the past week how many cups of instant coffee 
would you normally drink each day (do not include 
special decaffeinated coffee)—circle one only. 

Nonel 2 3 4 5 6 7 8 9 10 More than 10 


5. Whether the patient had consumed any food or 
caffeinated tea or coffee before or after the anes- 
thesia up until the time of questionnaire comple- 
tion. 

6. The usual frequency of headaches. 

(a) Frequently (one or more times each week) 
(b) Often (one to three times each month) 

(c) Infrequently (less than once every month) 
(d) Never 

7. Whether the patient had taken any caffeine- 
containing or non-caffeine-containing analgesic 
medications two or more times in the previous 
week. A list of 14 analgesics, commonly prescribed 
in the United Kingdom, was then given for cir- 
cling. 


To make the sample representative of the normal 
outpatient population, patient selection was deter- 
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mined solely from operating room schedules, and all 
patients meeting the entry criteria were included 
where possible. No attempt was made to influence 
the course of anesthesia or recovery before comple- 
tion of the questionnaire. Patients were not told the 
nature or purpose of the questionnaire before its 
completion. 

The analysis was done as follows. Daily caffeine 
consumption was calculated in milligrams per day 
using conversion factors derived from previously pub- 
lished sources (2,13): tea, 50 mg/cup; instant coffee, 
90 mg/cup; percolated or filtered coffee, 120 mg/cup. 

For parametric analysis, caffeine consumption data 
were normalized using a power transformation 
(square root) to reduce the negative skew. Where the 
mean value is quoted below, this was derived from 
transformed data. 

Categorical data were analyzed using a y test, and 
comparisons of mean caffeine consumption were 

nade using Student's t-tests on the transformed 
caffeine data. Correlations between ordinal data were 
made using a Spearman rank correlation. 

The trend between increasing caffeine intake and 
proportion of patients with headache was modeled 
using a logistic regression procedure (SAS) with 
calculation of odds ratio. 


Results 


Fully completed data sheets were obtained from 287 
patients with a mean age of 40 yr (+14.5 sp) of whom 
62 (22%) were male. Sixty-seven percent were pre- 
medicated, 34% with a benzodiazepine and 23% with 
an opioid/anticholinergic. Anesthesia comprised in- 
travenous induction with either propofol (71%) or 
thiopental (29%), supplemented with fentanyl (48%), 
nitrous oxide (96%), isoflurane (83%), or halothane 
(10%). 

Caffeinated tea or coffee was consumed by 96% of 
the patients. The calculated daily intake from these 
sources ranged from 0 to 2120 mg with a mean of 
397 mg. Forty-four percent of the total caffeine intake 
was made up from tea, 44% from instant coffee, and 
12% from filtered coffee. There was no significant 
relationship between the caffeine intake and the sex, 
age, type of operation, or anesthetic agents used. 
Thirty-five (12%) patients had consumed tea or coffee 
preoperatively, and by the time of completion of the 
questionnaire, 136 (47.5%) patients had consumed 
tea or coffee postoperatively. 

Table 1 shows the incidence of side effects recalled 
by patients for the post- and preoperative periods. 
For each side effect a comparison is made between 
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Table 1. Incidence of Side Effects That, Postoperatively, Patients Could Recall in the Pre- and Earlier Postoperative 


Period as a Function of Caffeine Consumption 





Mean caffeine consumption’ 


Incidence With side No side 
Side effect (%) effect effect P 
Preoperative period 
Headache 25 490 (416-571) 360 (321-402) 0.0035 
Nausea 7 402 (267-564) 387 (350-426) NS 
Vomiting 3 206 (49-470) 397 (360-435) NS 
Dizziness 5 239 (134-374) 392 (355-432) NS 
Unsteadiness 6 369 (238-529) 387 (350-426) NS 
Irritability 7 382 (273-508) 395 (356-435) NS 
Postoperative period f 
Headache 43 504 (450-562) 323 (279-371) <0.0001 
Nausea 27 380 (303-465) 400 (358-445) NS 
Vomiting 17 402 (307-509) 391 (352-432) NS 
Dizziness 30 442 (361-530) 362 (323-403) NS 
Unsteadiness 30 422 (347-504) 374 (334-417) NS 
Irritability 7 298 (220-388) 407 (368-447) NS 





NS, not significant. 


P = significance level (Student's t-test) between patients reporting side effects and those without side effects. 


“Ranges given in parentheses are the 95% confidence limits for the mean. 


the mean caffeine consumption for those who did 
and that for those who did not report the side effect. 
A significantly higher caffeine consumption was 
found for patients reporting the symptom of head- 
ache both for the preoperative and postoperative 
periods. No significant relationship was observed 
between perioperative headache and the patients’ 
sex, age, or surgical category, the anesthetic agents or 
adjuvants used, or previous frequency of headache. 
The frequency with which patients remembered post- 
Operative nausea and dizziness was statistically 
greater in patients given an opioid. 

Figures 1 and 2 show the frequency of recall for 
pre- and postoperative headache according to daily 
caffeine intake. For both periods, the proportion 
suffering headache increased with increasing con- 
sumption. Although the insufficient numbers of pa- 
tients (nine) available to us meant that we could not 
be certain as to the effect of total abstinence from 
caffeine, postoperative headache did not develop in 
any patient who was an abstainer. 

Logistic regression analysis of recalled preopera- 
tive headache versus caffeine intake demonstrated a 
significant trend between the parameters, a trend 
modeled by the equation 


In (P/A — P) = [0.0011 x caffeine (mg)] — 1.628. 


Each 100-mg increase in caffeine consumption was 
associated with a 12% increase in the odds of pre- 
operative headache developing (95% confidence in- 
terval, 3%-21%; x”, 7.38; P < 0.0066). 
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Figure 1. Proportion of patients recalling headache during the 
preoperative period against daily caffeine consumption. Numbers 
in parentheses refer to the total numbers of patients within each 
dose group excluding those who were uncertain as to whether they 
had suffered a preoperative headache. 


For the probability of postoperative headache, the 
logistic regression equation was 


In (P/l ~ P) = [0.0015 x caffeine (mg)] — 0.98. 


Each 100-mg increase in caffeine consumption was 
associated with a 16% increase in the odds of post- 
operative headache developing (95% confidence in- 
terval, 7%-25%; x7, 14.4; P < 0.0001). 

The number of patients consuming caffeine pre- 
operatively was small (35); however, there was a 
suggestive negative relationship between preopera- 
tive caffeine consumption and preoperative headache 
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Figure 2. Proportion of patients recalling headache during the 
postoperative period against daily caffeine consumption. Numbers 
in parentheses refer to the total numbers of patients within each 
dose group excluding those who were uncertain as to whether they 
had suffered a postoperative headache. 


(P = 0.07), although not with postoperative head- 
ache. 

No patient regularly ingested caffeine- or theo- 
phylline-containing medications. No correlation was 
found between alcohol or tobacco consumption and 
pre- or postoperative side effects. 


Discussion 


Minor postoperative morbidity is a common and 
expected sequelae of general anesthesia. The most 
frequent side effects attributed to anesthesia include 
dizziness, weakness, headache, and nausea (14). The 
reported incidence of headache varies widely, rang- 
ing from 13% to 80%. In this study we tested the 
hypothesis that postoperative morbidity, specifically 
headache, is related to abstinence from regular daily 
ingestion of caffeine. 

Previous studies examining the effect of caffeine 
abstinence in subjects with high daily intakes have 
demonstrated that caffeine withdrawal generally oc- 
curs after 13-23 h of abstinence (15). Symptoms of 
withdrawal include headache, sleepiness, reduced 
activity, and, in some studies, anxiety, irritability, or 
gastrointestinal upset. The most consistent and sen- 
sitive feature of caffeine withdrawal is headache. 
These headaches have been relieved by proprietary 
preparations containing caffeine but not by aspirin 
alone (5). 

In this study we have demonstrated in a group of 
postoperative patients a significant positive relation- 
ship between patient-reported headache and daily 
caffeine intake. Since presenting our original hypoth- 
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esis in 1989 (16), other authors have observed consis- 
tent findings in volunteer subjects. Thus, Van Dus- 
seldorp and Katan demonstrated that cessation of 
moderate daily caffeine intake (mean, 435 mg/day) 
was associated with an increased frequency of head- 
ache for a mean of 2.3 days with a range of 1-6 days 
(17). 

Because this survey was an open study of all 
patients undergoing general anesthesia, we cannot 
say to what extent the caffeine/headache relationship 
was influenced by general anesthesia in comparison 
to unanesthetized patients undergoing abstinence. 
However, headache was a common symptom re- 
called for the preoperative period as well as the 
postoperative period, and this also was most com- 
mon in those patients with the highest caffeine con- 
sumption. Furthermore, the level of caffeine con- 
sumed in those patients with and without headache 
in this present study (500 vs 323 mg) is similar to that 
reported for psychiatric inpatients (616 vs 395 mg) (5). 

In recent reports, caffeine administration has 
proved to be effective in reducing headache after 
spinal puncture (18,19). Although the direct action of 
caffeine could explain the analgesic effect, it is possi- 
ble that additional effects could be the result of 
counteracting a caffeine withdrawal owing to reduced 
oral intake as a result of fasting, pain, and the need to 
maintain the supine position. 

The mean caffeine consumption of patients in this 
series was 397 mg/day, almost twice that recorded in 
the North American survey. It has been estimated 
that in Ontario, 25% of adults consume five or more 
cups of tea or coffee per day (9). In the present study, 
56% of patients consumed this quantity. Thus, al- 
though it is difficult to correlate figures accurately it 
seems probable that the intake for our U.K. sample is 
considerably greater. 

We believe the findings from this study have a 
number of implications. First, patients with a high 
preoperative caffeine intake have a high incidence of 
postoperative headache that may be amenable to 
prophylactic, preoperative caffeine ingestion. In ad- 
dition, if specific anesthetic agents are shown to be 
associated with a high incidence of headache, they 
can be avoided in the anesthetic management of high 
caffeine consumers. To our knowledge, however, no 
previous study has examined the relationship be- 
tween headache and anesthesia in patients matched 
for caffeine intake. 

Second, caffeine intake and withdrawal may be an 
important confounding factor in research or clinical 
investigations using fasting individuals. Although a 
patient may be asked to abstain from caffeine- 


CAFFEINE WITHDRAWAL AND POSTOPERATIVE HEADACHE 


containing beverages for only 12-24 h before a study, 
the withdrawal syndrome may persist for 5 days (15). 

Third, international differences may exist in caf- 
feine intake, and therefore studies of minor drug 
morbidity may not be entirely comparable between 
different geographic areas. 

Finally, although we have specifically examined 
the symptom of headache, one might wonder what 
else might be involved in the caffeine-withdrawal 
state. Because of the known effects of methylxan- 
thines on myocardium and vascular as well as bron- 
chial smooth muscle, it is possible that patients with 
neurosurgical, cardiac, or bronchospastic conditions 
may have clinically significant physiological alter- 
ations during withdrawal. 

Two other findings of this study are also worthy of 
comment. Surprisingly, we found that approximately 
12% of patients consumed caffeinated beverages on 
the morning of surgery despite being instructed to 
fast. Also, a considerable number of patients reported 
symptoms of morbidity in the pre- as well as the 
postoperative period. Thus, in any assessment of 
drug morbidity, a patient should be assessed before 
drug ingestion as well as after. This seems particu- 
larly so with regard to headache. 

The results of this study suggest that headache 
after general anesthesia is related to preoperative 
caffeine withdrawal consequent upon moderate daily 
levels of caffeine intake. 
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Halothane 1.5 MAC, Isoflurane 1.5 MAC, and the Contractile 
Responses of Coronary Arteries Obtained From Human Hearts 
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BULURAN J, GIRARD D. Halothane 1.5 MAC, isoflurane 
1.5 MAC, and the contractile responses of coronary 
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Active vasoconstriction of epicardial coronary arteries can 
cause myocardial ischemia in patients with coronary artery 
disease. Relief of vasoconstriction can improve blood flow to 
the heart, The purpose of this study was to determine if 
1.5 MAC halothane and 1.5 MAC isoflurane would each 
attenuate contractions evoked by threc putative mediators of 
coronary constriction in coronary arteries removed from the 
hearts of human beings. Hearts were obtained in the 
operating room from five patients undergoing cardiac trans- 
plantation and from six brain-dead patients undergoing 
organ donation procedures. Coronary arteries were dis- 
sected free, cut into rings, and studied in organ chambers. 
Endothelium-dependent relaxations to 10~°M bradykinin 
were examined; they indicated a variable degree of endothe- 
lial dysfunction in vessels used in the experiments. Con- 


Active vasoconstriction of proximal coronary arteries 
may cause or worsen exertional angina, may precip- 
itate unstable angina, and may be responsible for 
silent ischemia (1-6). The role of coronary vasocon- 
striction in myocardial infarction is less understood, 
but powerful constrictor agonists are released during 
coronary thrombosis and the ensuing constriction 
may sustain a thrombotic process and contribute to 
infarction (7). Proximal coronary artery dilators are 
beneficial in both acute and chronic coronary syn- 
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tractile responses to 40 mM KCI were tested and were used 
as control contractions. Contractions evoked by serotonin, 
histamine, and prostaglandin F,,, were measured and were 
expressed as a percent of contractile responses evoked by 
40 mM KCl. Halothane depressed the agonist-induced 
contractions. Maximal contractile responses to serotonin 
were 130% + 28% in untreated rings and 63% + 10% in 
rings exposed to halothane (P < 0.03). Responses to 
histamine were 183% + 46% untreated and 121% + 26% 
during halothane administration (P < 0.05), and responses 
to prostaglandin F,„ were 227% + 42% untreated and 
148% + 18% with halothane (P < 0.05). Isoflurane had no 
effect on contractions. The results demonstrate that 
1.5 MAC halothane, but not 1.5 MAC isoflurane, attenu- 
ates contractile responses evoked by putative mediators of 
coronary vasoconstriction in coronary arteries removed 
from the kearts of human beings. 


Key Words: ANESTHETICS, voLaTiLe—halothane, 
isoflurane. HEART, CORONARY OCCLUSION AND 
CONTRACTILITY. 


dromes (5-7). Halothane and isoflurane are vasodila- 
tors. Both attenuate contractile responses of dog and 
pig coronary arteries in both ex vivo and in vivo 
studies (8-10). However, their effects on human 
coronary arteries are unknown. The purpose of this 
investigation was to determine if 1.5 MAC halothane 
and 1.5 MAC isoflurane inhibit contractions evoked 
by three putative mediators of coronary constriction 
in coronary arteries removed from the hearts of 
human beings. 

The causes of proximal coronary artery constric- 
tion are not known (11). Serotonin (2,7), prostaglan- 
dins (7), and histamine (12,13) have been associated 
with coronary vasoconstriction in patients with pre- 
existing coronary artery disease. Therefore, they 
were used to evoke contractions in the current exper- 
iment. Serotonin is released by platelets when acti- 
vated by atherosclerotic coronary artery plaques 
(14,15) and during platelet aggregation and coronary 
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thrombosis (7). Histamine is a constrictor released by 
mast cells. Mast cells are increased in the adventitia of 
atherosclerotic coronary arteries during coronary 
thrombosis, suggesting that endogenous histamine 
may be an important cause of localized coronary 
constriction (12,16). All three agonists have been 
shown to contract isolated human coronary arteries 
(17-19). 

Prevention of coronary artery constriction and 
preservation of blood flow to the heart is a goal in 
managing patients with coronary artery disease (6). 
Whether or not halothane and isoflurane attenuate 
contractions of human coronary arteries may, there- 
fore, have clinical implications. 


Methods 


The purpose of the study was to determine if 
1.5 MAC halothane and 1.5 MAC isoflurane each 
attenuated the contractile response in isolated human 
coronary arteries evoked by serotonin, histamine, 
and prostaglandin F,,. The protocol was approved by 
the Institutional Review Board, and informed consent 
was obtained from living patients or from the rela- 
tives of deceased patients. Five hearts were obtained 
from patients with heart failure who were undergo- 
ing cardiac transplantation. Six hearts were obtained 
from brain-dead patients who were undergoing sur- 
gery for removal of kidneys and other organs for 
donation purposes. (Hearts from brain-dead patients 
were available for laboratory studies rather than for 
donation due to the presence of cardiac or coronary 
artery disease.) Description of the patients is pro- 
vided in Table 1. 

Hearts were removed in the operating room and 
immersed in aerated (95% O5% COz) Krebs-Ringer 
solution at 4°C, pH 7.40-7.49, with the following 
composition (in mM): NaCl 119, KCl 4.8, CaCl, 2.6, 
MgSO, 1.2, KH,PO, 1.2, and glucose 4. The hearts 
were immediately transferred to the laboratory, 
where the coronary arteries were dissected free, 
cleaned of surrounding fat and connective tissue, and 
cut into rings 5 mm long. Special care was taken to 
avoid touching the endothelium-lined luminal sur- 
face. The rings were suspended in organ chambers 
each containing 25 mL aerated Krebs-Ringer solution 
at 37°C. The rings were attached to strain gauges 
(Harvard #52-9503), and isometric tension was re- 
corded (Hewlett Packard amplifier 8802A and Gould 
480 recorder). 

Eleven hearts were studied. Four provided vessels 
for the halothane studies, and four provided vessels 
for the isoflurane studies. Vessels from three hearts 


were used for both halothane and isoflurane studies. 
Each heart provided five or six pairs of rings. Rings 
from the same vessel of the same heart were studied 
in pairs in tandem, one ring was treated with a 
volatile anesthetic whereas the other was untreated 
and served as a control. Rings were exposed to a 
single contractile agonist, either serotonin, hista- 
mine, or prostaglandin F,,. Each agonist was inves- 
tigated using eight to 10 pairs of rings removed from 
seven hearts. 

The optimal point on the length-tension curve was 
determined in each ring by varying passive tension 
between 10 and 16 g and determining the passive 
tension that resulted in the greatest contractile re- 
sponse to 20 mM KCl. Each ring was then maintained 
at its optimal passive tension throughout the experi- 
ment. The maximum tension that developed after a 
standard 40 mM KCI challenge was recorded, and 
this response was used as a reference. Contractile 
and relaxation responses during the experiment were 
compared with this reference contraction. 

Presence or absence of endothelial function was 
tested in all rings by observing the relaxation re- 
sponse of rings precontracted with 20 mM KCI to a 
single 107 M dose of bradykinin. (Bradykinin is a 
useful test for endothelial function. In arteries from 
many species, including those from humans, it 
causes vascular smooth muscle relaxation by evoking 
release of relaxing factors from the endothelium 
[17,20].) 

Isoflurane and halothane were delivered by vapor- 
izers (Fluotec-Fraser Sweatman, Isotec-Ohmeda 
BOC), and the concentration of the anesthetics in the 
gas entering each chamber was adjusted to 1.5 MAC 
(1.1% halothane, 1.7% isoflurane) (21) using a cali- 
brated gas analyzer (Siemens Servo gas monitor 120). 
Concentrations of anesthetics in the chamber fluid 
were monitored by removing 2-mL aliquots of Krebs- 
Ringer solution, extracting the anesthetic in hexane, 
and measuring the concentrations using gas chroma- 
tography with electron capture (Hewlett Packard 
1700C). 

Isoflurane and halothane were administered for 
60 min to measure effects of the anesthetics on 
quiescent ring tension. Each pair of rings was then 
exposed to a single contractile agonist. Sequentially 
increasing cumulative doses of either serotonin (107° 
to 1074 M), histamine (107° to 1074 M), or prostaglan- 
din F,, (107? to 10-° M) were added to the organ 
chambers. The isometric tension generated by the 
rings was measured. 

The sequence in which the hearts were assigned to 
either halothane or isoflurane treatment was not 
randomized. It was initially believed that limited 
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CORONARY ARTERY CONTRACTION 


availability would restrict the study to investigation 
of halothane alone. Vessels from the first four hearts 
were used in halothane experiments. Subsequently, 
availability of hearts increased and vessels from the 
next four hearts were used in isoflurane experiments. 
The final three hearts provided rings for both isoflu- 
rane and halothane experiments. 

At the end of the organ chamber studies, all 
coronary rings were transferred into a 10% formalde- 
hyde solution, sliced, and stained with hematoxylin, 
phloxine, and safran for histologic examination. 
Rings were assessed by the same pathologist who 
determined a coronary artery histology score using 
the following criteria: (a) degree of luminal occlusion; 
(b) degree of fragmentation of the internal elastic 
lamina; (c) degree and distribution of vessel wall 
calcification; and (d) degree of intimal proliferation. 
Each feature was scored on a scale of 0 (normal) to 3 
(severely diseased). The net coronary artery histology 
score for each ring was calculated using the four 
criteria of vessel damage. 


Drugs 


Serotonin (creatinine sulfate complex), histamine di- 
hydrochloride, prostaglandin F,,, and bradykinin 
were obtained from Sigma Chemical Company (St. 
Louis, Mo.); they were prepared daily and diluted in 
distilled water. Halothane was obtained from Ayerst 
(New York, N.Y.) and isoflurane from Anaquest 
(Madison, Wis.). 


Statistical Analysis 


In all experiments, n equals the number of hearts 
from which rings were removed. Data are expressed 
as mean + SEM. Statistical evaluation was performed 
by comparing integrated areas under the dose- 
response curves using analysis of variance. Paired 
f-tests were used to compare maximal contractile 
responses. 


Results 


A brief description of the patients from whom hearts 
were removed is provided in Table 1. Histologic 
appearance of the coronary artery segments and the 
responses to bradykinin are included. Characteristics 
of the coronary rings used in each phase of the 
experiment are shown in Tables 2-5, where histologic 
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Table 2. Coronary Artery Histology Score” 


Serotonin Histamine PGF, 
Rings used for group group group 
Isoflurane 1.1 + 0.1 1.3 + 0.1 1.3 + 0.1 
experiments 
Halothane 1.5 = 0.1 1.2 + 0.1 1.3 + 0.1 
experiments 


Values are expressed as mean + SEM, n = 7 hearts. 
“Scale of 0 (normal) ta 3 (severely ciseased). 


Table 3. Optimal Passive Tension in Grams Before 
Exposure to Anesthetics or to Contractile Agonists 


Serotonin Histamine PGF,, ` 
Rings used for group group group 
Isoflurane 13.2 + 0.5 13.1 + 0.5 13.2 + 0.5 
experiments 
Halothane 11.0 + 0.4 12.0 + 1.3 10.7 + 0.6 
experiments 


Values are expressed as mean + SEM, n = 7 hearts. 


Table 4. Tension Generated in Response to 40 mM KCI 
in Grams Before Exposure to Anesthetics or to Contractile 
Agonists (Control Contraction) 


Serotonin Histamine PGF,,, 
Rings used for group group group 
Isoflurane 13.6 + 1.4 14.2 + 1.5 13.8 + 1.4 
experiments 
Halothane 9.4 + 1.2" 8.8 + 1.5° 8.8 + 1.7 
experiments 





Values are expressed as mean + SEM, n = 7 hearts. 
“P < 0.05 compared with isoflurane experiments. 





Table 5. Percent Relaxation of Rings Precontracted With 
20 mM KCI! to 107 M Bradykinin Before Exposure to 
Anesthetics or to Contractile Agonists 





Serotonin Histamine PGF, 

Rings used for group group group 

Isoflurane 12+0 341 9+1 
experiments 

Halothane 111 7+1 10+1 
experiments 


Values are expressec as mean + SEM, n = 7 hearts. 


appearance, optimal passive tension, response to 
40 mM KCI, and relaxation evoked by bradykinin are 
indicated. Except for the contractile responses to 
40 mM KCI, differences between groups in terms of 
coronary artery histology score, optimal passive ten- 
sion, and responses to bradykinin were small. How- 
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Serotonin 


Tension, % of response 
to 40 mM KCI 


ever, in response to 40 mM KCI, rings used in the 
isoflurane experiments contracted more vigorously 
than those used to study halothane (Table 4). 


Halothane 1.5 MAC 


Halothane had no effect on the tension of quiescent 
rings. Addition of serotonin, histamine, or prosta- 
glandin F, resulted in concentration-dependent con- 
tractions. Contractile responses to all three agonists 
were depressed by halothane (Figure 1). 
Contractions were expressed as a percentage of the 
reference contraction obtained on stimulation with 
40 mM KCI before exposure to anesthetics or to 
contractile agonists. Serotonin (107°? M) evoked 
130% + 28% contractions in untreated rings; in rings 
treated with halothane, the response was 63% + 10% 
(F < 0.03). Histamine (1074 M) evoked 183% + 46% 
maximal contractions in untreated rings versus 
121% + 26% (P < 0.05) in rings treated with halo- 
thane. Prostaglandin F,, (10° M) evoked 227% + 
42% contractions in untreated rings and 148% + 18% 
(P < 0.05) in rings exposed to halothane. Comparison 
of integrated areas under the dose-response curves 
demonstrated that halothane treatment resulted in 
significant depression of contractions (P < 0.03). 


Isoflurane 1.5 MAC 


Isoflurane had no effect on the quiescent tension of 
unstimulated rings. Serotonin, histamine, and pros- 
taglandin F,, evoked concentration-dependent con- 
tractions. Isoflurane had no effect on the contractile 
responses (Figure 2). The maximum response to 
serotonin was 110% + 16% of a reference contraction 
in untreated rings and 98% + 16% in rings treated 
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Figure 1. Concentration-response relationships of human coro- 
nary artery rings exposed to cumulative, increasing concentrations 
of serotonin, histamine, and prostaglandin F,,. Percentage con- 
tractions in the presence and absence of 1.5 MAC halothane are 
shown. Contractions are expressed as a percentage of a response to 
40 mM KCL Analysis of variance demonsirated statistically signif- 
icant differences in responses of rings treated with halothane 
versus untreated rings (P < 0.03). Data are expressed as mean + 
sEM. 5even hearts provided vessels for the experiments. 


with isoflurane. For histamine, the responses were 
106% + 16% untreated and 123% + 44% in treated 
rings; for prostaglandin F,, the responses were 
144% + 13% untreated and 137% + 11% in treated 


rings. 


Coronary Artery Histology 


Microscopy demonstrated histologic changes in ves- 
sels from all the hearts, including those from young, 
previously healthy donors. No heart studied pro- 
vided completely normal coronary artery segments 
(Tables 1 and 2). 


Discussion 

The purpose of the investigation was to determine if 
1.5 MAC halothane and 1.5 MAC isoflurane each 
attenuated contractions of isolated human coronary 
arteries evoked by serotonin, histamine, and prosta- 
glandin F,,—three putative mediators of coronary 
constriction. It is important to note that experiments 
were performed using proximal, large epicardial con- 
ductance vessels—vessels that are involved in ather- 
osclerosis. Experiments were not performed using 
small resistance arteries or arterioles. For this reason 
the experiments were not designed to test the effects 
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Figure 2. Concentration-response relationships of human coro- 
nary artery rings exposed to cumulative, increasing concentrations 
of serotonin, histamine, and prostaglandin F,,. Percentage con- 
tractions in the presence and absence of 1.5 MAC isoflurane are 
shown. Contractions are expressed as a percentage of a response to 
40 mM KCl. Analysis of variance did not demonstrate differences 
in responses of rings treated with isoflurane versus untreated 
rings. Data are mean + SEM. Seven hearts provided vessels for the 
experiments. 


of isoflurane and halothane on mechanisms of “cor- 
onary steal” phenomena. Instead, they were de- 
signed to address the problem of active vasoconstric- 
tion of proximal epicardial coronary arteries—a 
condition that is thought to occur in patients with 
typical angina pectoris and during myocardial infarc- 
tion (22). The findings indicate that 1.5 MAC 
halothane attenuated agonist-induced coronary ar- 
tery contractions. Isoflurane 1.5 MAC had no effect 
on the contractile responses. The results of this 
experiment represent the first evidence that contrac- 
tions of human coronary arteries are inhibited by 
halothane. 

The use of human coronary arteries in the current 
experiment rather than those obtained from animals 
has advantages in that the study may more accurately 
reflect events occurring in patients with cardiac dis- 
ease. However, experiments using human vessels 
can only be pursued at the expense of a number of 
inevitable difficulties. The most immediate problem is 
the limited availability of human hearts. Although 
the current experiments tested two anesthetics and 
employed three contractile agonists throughout a 
range of doses, limited availability of hearts restricted 
the study to only one anesthetic concentration— 
1.5 MAC. No dose-response relationships were es- 
tablished for the anesthetics. 

A second problem concerned variability in the 
rings’ responses to KCI. Before introducing the anes- 


thetics, contractile characteristics of the rings were 
standardized using KCl, and these contractions were 
then used as a reference for expressing agonist- 
induced responses. This approach is an established 
method for quantitating contractile responses. In the 
current study, the rings used in the isoflurane studies 
responded more vigorously to KCl than did those 
used in the halothane experiments (Table 4). How- 
ever, agonist-induced contractions in untreated rings 
did not differ significantly between isoflurane and 
halothane groups. Why the responses to KCl were 
variable is not known, although responses in human 
coronary arteries are often less homogeneous than 
those observed in vessels removed from animals (23). 
When tissue of animal origin is used, the animals 
providing the vessels are typically of the same 
weight, age, and breed, and have been exposed to 
the same environment, have eaten virtually identical 
diets, and have been treated with few, well-defined 
drugs. In contrast, the patients providing vessels for 
the current investigation were of different ages, from 
varied backgrounds, and with different lifestyles; 
they suffered from different illnesses and were 
treated with a variety of drugs. In addition, one 
subject was suspected of illegal drug use. In the 
current study, comparisons between halothane and 
isoflurane effects were not made because rings used 
in testing the two anesthetics differed in their base- 
line responses to KCl. 

Isolated, histologically normal human coronary 
arteries relax in response to bradykinin (17). In the 
current experiment, absence of relaxation response to 
bradykinin in vessels removed from patients with 
ischemic cardiomyopathy was expected as atheroscle- 
rosis is known to impair endothelial function and 
inhibit endothelium-dependent relaxations (24). 
However, in the current investigation it was surpris- 
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ing that vessels removed from otherwise healthy but 
deceased patients, including 24- and 25-yr-old pa- 
tients, also exhibited marked endothelial dysfunc- 
tion. (Many of these segments, although free of 
atheroma, nevertheless exhibited a degree of his- 
tologic change when examined using light microsco- 
py.) Early, subtle atherosclerotic changes are known 
to alter endothelium-dependent dilator responses in 
human beings (25). In addition, even the presence of 
risk factors for coronary artery disease can impair 
endothelium-dependent relaxations (26). However, 
in the current experiments, it is possible that the 
observed endothelial dysfunction resulted in part 
from cardiovascular instability before and after brain 
death. Acute brain trauma and brain death may result 
in episodes of both high and low arterial pressure. 
Acute hypertension has been shown to cause marked 
endothelial dysfunction in intact dogs, and morpho- 
logic and functional endothelial damage may occur 
after even transient episodes of hypertension (27). 

It is unlikely that delays in harvesting the vessels 
caused endothelial dysfunction in the current exper- 
iment. Although smooth muscle contractile re- 
sponses are preserved for at least 6 h in human 
coronary arteries obtained at autopsy, the endothe- 
lium of the human coronary artery is very labile and 
may soon after death lose the capacity to produce or 
release endothelium-derived relaxing factors (23). In 
the current experiments the hearts were removed in 
the operating room, were immediately placed in cold 
oxygenated Krebs-Ringer solution, and were then 
immediately transferred to the laboratory. The ves- 
sels were rapidly dissected free and were then also 
immediately placed in oxygenated electrolyte solu- 
tion. The investigators have previously used this 
method with dog and pig coronary arteries and have 
observed preservation of endothelium- -dependent re- 
sponses. 

The current investigation demonstrates that 
1.5 MAC halothane attenuated contractions of hu- 
man coronary arteries evoked by serotonin, hista- 
mine, and prostaglandin F,„ but does not provide 
information concerning the mechanism of this effect. 
The three agonists act on cell surface membrane 
receptors to stimulate phosphoinositide hydrolysis, 
second messenger generation, Ca** mobilization, 
calmodulin-dependent myosin light chain kinase ac- 
tivation, and, ultimately, actin and myosin cross- 
bridge cycling (28,29). The site(s) at which halothane 
may act is not clearly established—although 
halothane has been shown to reduce Ca?* availability 
in vascular smooth muscle by depleting the sarco- 
plasmic reticulum of Ca** (30). The results of the 
current experiment indicate that halothane has an 
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effect on contractions evoked by specific agonists 
despite the absence of functioning endothelium. 

Isoflurane 1.5 MAC had no effect on agonist- 
induced contractions of coronary arteries removed 
from human hearts. In isolated canine coronary ar- 
teries, isoflurane has been shown to attenuate con- 
tractions in an endothelium-dependent manner (18). 
Dysfunctional endothelium in the preparations used 
in the current experiment may account for the ab- 
sence of isoflurane effect. Current results contrast 
with observations made in vivo in pigs, where iso- 
flurane has been observed to attenuate contractions 
evoked by serotonin in vessels both with and without 
endothelium (10). However, the results are in agree- 
ment with findings obtained from isolated pig coro- 
nary arteries, where isoflurane has been found to 
exhibit less marked relaxant effects than halothane 
(9,10). 

The results of the current investigation represent 
the first evidence that 1.5 MAC halothane attenuates 
agonist-induced contractions in coronary arteries iso- 
lated from the hearts of human beings. They also 
represent the first evidence that this effect occurs in 
vessels obtained from human beings. The results are 
suggestive of a potentially clinically advantageous 
effect of halothane. However, this preliminary evi- 
dence does not support the use of halothane as a 
replacement for established coronary artery vasodila- 
tor therapies. 
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BOSNJAK ZJ, MARIJIC J, ROERIG DL, STOWE DF, 
MURTHY VS, KAMPINE JP. Chronic verapamil treatment 
depresses automaticity and contractility in isolated cardiac 
tissues. Anesth Analg 1991;72:462-8. 


Chronically administered verapamil can accumulate in 
cardiac tissues and may depress cardiac function despite low 
plasma concentration. To examine this, two groups of 
rabbits were injected intraperitoneally twice a day with 
either 1 mg/kg verapamil or saline for 28 days. Fourteen 
hours after the last dose, right atrial tissue and right 
ventricular papillary muscle were isolated. Plasma and 
myocardial tissue concentrations of verapamil were deter- 
mined. Plasma samples contained no detectable amounts of 
verapamil, but the myocardium contained 2.1 + 0.6 (mean 
+ SE) ng of verapamil per gram of wet tissue. Spontaneous 
action potentials recorded from the sinoatrial node in the 
verapamil-treated group showed decreases in the phase 0 
and phase 4 depolarization rates, a slower pacemaker rate, 


and an attenuated response to epinephrine compared with 
the saline-treated group. Papillary muscle in the verapamil- 
treated group exhibited a significantly lower force of con- 
traction and a depressed contractile response to epinephrine 
compared with the control group. There were no differences 
in rate or contractile responses the day after single injection 
with 2 mg/kg verapamil or saline twice a day. Myocardial 
verapamil concentration increased with the duration of 
treatment and with the doses given; myocardial verapamil 
concentration was 3.0 + 0.6 ng/g wet tissue in the group 
treated for 28 days with 2 mg/kg verapamil. Our study 
shows that chronic treatment of rabbits with verapamil 
decreases cardiac chronotropic and inotropic responses to 
adrenergic stimuli despite no detectable verapamil in 
plasma, and that accumulation of verapamil in the myocar- 
dium is probably associated with these effects. 


Key Words: PHARMACOLOGY, VERAPAMIL. 
HEART, VERAPAMIL EFFECTS. 








Acute administration of verapamil in vitro slows 
spontaneous sinoatrial (SA) nodal rate (1,2), de- 
creases papillary muscle contractile performance (3), 
and depresses left ventricular pressure development 
in isolated hearts (4). Although knowledge of direct 
cardiac effects of verapamil after acute treatment is 
important, responses after chronic treatment may be 
substantially different. Hemodynamic effects and 
plasma levels after a single intravenous dose of 
verapamil suggest that this drug has a relatively short 
half-life of 2-5 h (5-7). Some unexpected observations 
have been reported during chronic oral treatment 
with verapamil. These are (a) a time delay between 
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peak serum concentrations and peak cardiac effects 
(8); (b) a long duration of action after intravenous 
administration in cardiac patients (6); (c) a tissue 
accumulation of verapamil that is up to six times that 
in plasma (5); and (d) a half-life that is longer after 
chronic than after acute treatment (7), which may be 
only partially due to a decrease in hepatic clearance. 

The in vitro effects of chronic administration of 
calcium channel blockers on automaticity of the SA 
node and on cardiac contractile function have not 
been reported. Our aims were to determine if chronic 
treatment of rabbits with verapamil results in accu- 
mulation of verapamil in cardiac tissue and to assess 
if tissue accumulation of verapamil is associated with 
attenuated chronotropic and inotropic responses to 
adrenergic receptor stimulation. 


Methods 


Studies were conducted on 44 New Zealand white 
rabbits of either sex weighing 3.7 + 0.2 kg. Animals 
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were injected intraperitoneally either with 1 or 
2 mg/kg (2 mg/mL) verapamil or with 0.5 mL saline 
twice a day for 1, 7, 14, or 28 days. Physiologic 
studies were performed only on those animals 
treated with 2 mg/kg verapamil for 1 day and with 
1 mg/kg for 28 days. We conducted primarily in vitro 
physiologic studies because in in vivo animal prepa- 
rations heart rate and contractile responses to verap- 
amil can be altered as a result of reflex baroreceptor- 
mediated adrenergic stimulation (9) and because 
direct effects in isolated tissues could be easily com- 
pared. 

Fourteen hours after the last injection of verap- 
amil, rabbits were anesthetized with sodium pento- 
barbital (35-40 mg/kg); the hearts were quickly re- 
moved, and the aorta was perfused with cold 
oxygenated Krebs’ solution. After isolation, the tis- 
sues were mounted in tissue baths and suffused 
continuously at a rate of 10 mL/min with modified 
Krebs’ solution containing (in mM): Na* 137; K* 3.0; 
Ca2* 2.5; Mg?* 1.2; Cl” 134; HCO,” 15.5; HPO,” 
1.2; EDTA 0.05; and glucose 11.5. The solution was 
equilibrated in a reservoir with 97% O,-3% CO, and 
was maintained at 37°C and pH 7.4 + 0.05. Suffusate 
oxygen tension was maintained at greater than 
500 mm Hg. 

As described in previous studies (3), right ventri- 
cles from control and from verapamil-treated rabbits 
were opened and uniformly thin (<1 mm diameter) 
papillary muscle strips were selected. The muscles 
were mounted horizontally in the suffusion chamber 
by pinning one end and fixing the other end to a force 
transducer. The muscles were stimulated by placing 
bipolar stimulating electrodes at one end of the 
muscle and connecting them to a stimulus isolation 
unit. Resting length of both muscle strips was ad- 
justed to obtain maximal developed contractile force 
during a test twitch. Square-wave 2-ms pulse stimuli 
were applied at two times the threshold current and 
were maintained for 3-min periods at 2-, 1-, 0.8-, and 
0.6-s pacing intervals, which correspond to pacing 
rates of 30, 60, 75, and 100 beats/min. During the 
15-20-min equilibration periods (controls), muscles 
were paced at 15 beats/min. Along with isometric 
contractile force measurements, the following trans- 
membrane action potential characteristics of control 
and verapamil-treated papillary muscles were mea- 
sured with glass microelectrodes (1) during pacing at 
15 beats/min: resting membrane potential, slope of 
depolarization of phase 0, and action potential dura- 
tion measured at 50% repolarization. Inotropic re- 
sponses of papillary muscle from control and treated 
rabbits to exogenous epinephrine, 0.05-0.2 ug/mL, 
were examined after baseline values were obtained. 
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Epinephrine was used to simulate an increase in 
B-adrenergic drive by the autonomic nervous system 
in vivo. 

From the same hearts the right atrium containing 
the SA node was isolated and suffused as described 
in previous studies (1,2). Transmembrane action 
potentials from verapamil-treated and from control 
SA nodal tissues were measured simultaneously un- 
der identical suffusate conditions using two intra- 
cellular recording electrodes. Membrane potentials 
were measured with glass microelectrodes filled with 
3M KCI having tip resistances of 40-80 MQ (1). 
Variables measured were rate of spontaneous SA 
nodal discharge, slope of slow diastolic depolariza- 
tion (phase 4), slope of rapid depolarization (phase 
0), and maximal diastolic potential. Chronotropic 
responses of SA nodal tissue from verapamil-treated 
and control rabbits to exogenous 0.1-25 ug/mL epi- 
nephrine were also examined after baseline values 
were obtained. 

In addition to the above in vitro studies after 
chronic (28 days) verapamil treatment, in vivo and in 
vitro studies were performed during acute treatment 
and after a 1-day administration of verapamil. In the 
in vivo studies, heart rate and PR intervals were 
measured from the electrocardiogram in conscious 
animals before and immediately after intraperitoneal 
injection of 1 mg/kg verapamil. In the acute 1-day 
verapamil studies, six hearts were isolated 14 h after 
the second twice-a-day dose of 2 mg/kg, and contrac- 
tile force development and action potential character- 
istics of isolated right papillary muscle at different 
pacing rates and during increasing epinephrine con- 
centration were examined. The responses in each 
verapamil-treated muscle were compared with the 
responses in the control muscles placed in the same 
bath. Action potential characteristics in verapamil- 
treated and control SA nodal tissues from the same 
hearts were also examined during control and during 
increasing epinephrine concentrations. 

In another group of 24 rabbits, plasma was col- 
lected and hearts were isolated 14 h after the last 
verapamil treatment of 1 or 2 mg/kg after twice daily 
treatment for 7, 14, or 28 days. Plasma and isolated 
hearts were perfused briefly with Krebs’ solution to 
remove blood; plasma and hearts were quickly frozen 
and were later analyzed for verapamil concentration 
using a high-pressure liquid chromatographic 
method as described previously (10). 

Effects of verapamil on muscle contractility and on 
SA pacemaker rate were analyzed by applying two- 
way analysis of variance techniques to determine 
significance between and within animal groups. Dif- 
ferences among means were analyzed by least signif- 
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Figure 1. Mean heart rates and PR intervals in conscious rabbits 
given an intraperitoneal injection (arrow) of 1 mg/kg verapami. 
in = 5). *P < 0.05 vs zero time. 


icant difference tests. Differences in myocardial tissue 
concentrations of verapamil between groups treated 
with 1 and 2 mg/kg verapamil twice a day for 7, 14, or 
28 days were analyzed by Student’s paired t-tests; 
differences in tissue concentration of verapamil 
among the three treatment periods at a given dose 
regimen were assessed by two-way analysis of vari- 
ance. Slopes of contractile force or SA nodal rate as a 
function of epinephrine or pacing were determined 
by regression analyses of individual data points. 
Slopes were compared for parallelism by Student's 
t-tests. All data are expressed as mean + sE. Statisti- 
cal significance was designated at the P < 0.05 level 
for all data. 


Results 


Mean wet heart weights were not significantly dif- 
ferent in saline-treated (5.9 + 0.6 g) and in verapamil- 
treated (5.8 + 0.4 g) groups after 28 days of treat- 
ment. There was no difference in muscle cross- 
sectional area (0.90 + 0.04 vs 0.91 + 0.05 mm?) in the 
saline-treated (n = 7) and verapamil-treated (n = 7) 
groups. 


Acute In Vivo and 1-Day In Vitro Responses 
to Verapamil 


Intraperitoneal injection of a single 1-mg/kg dose of 
verapamil to conscious rabbits produced an immedi- 
ate increase in heart rate lasting about 30 min (Figure 
1). At the same time, the PR interval increased signifi- 
cantly and remained elevated up to 1 h later. Heart rate 
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Table 1. Myocardial Verapamil Concentration (ng/g Wet 
Heart Weight) 














Days of 
treatment 1 mg/kg bid 2 mg/kg bid 
7 0.61 + 0.34 0.94 + 0.49 
14 0.79 + 0.25 1.39 + 0,17 
28 2.05 + 0.56% 2.95 + 0.56°° 
Values are mean + SEM. n = 4 for each mean value. 


Physialogic studies were conducted only in rabbits treated twice a day 
(bid) for 28 days with 1 mg/kg verapamil (n = 7) or the saline control (n = 7). 
Verapamil was not detectable in plasma 14 h after the last injection of either 
dose of verapamil with any duration of administration. 

“P < 0.05 compared with 1-mg/kg bid group. 

+P < 0.05 compared with 7-day treatment. 

<P < 0 05 compared with 14-day treatment. 


and PR interval were unchanged with intraperitoneal 
injection of saline (data not shown). There was no 
statistical difference in the maximal contractile force 
responses of papillary muscles examined 14 h after the 
second injection of 2 mg/kg verapamil or saline at each 
pacing rate (data not shown). For example, during the 
100-beats/min pacing period, peak contractile force was 
8.9 + 0.8 and 9.2 + 1.1 mN/mm’ for the control and 
verapamil-treated groups, respectively. Baseline SA 
nodal action potential and rate responses, and re- 
sponses to increasing doses of epinephrine, were also 
similar in the two groups (data not shown). For exam- 
ple, sufusion of solution containing 1 ug/mL epineph- 
rine increased SA nodal pacing rate from 202 + 4 to 260 
+ 9 beats/min in the verapamil group and similarly 
from 203 + 5 to 268 + 8 beats/min in the control group. 


Plasma and Cardiac Muscle 
Verapamil Concentrations 


Myocardial tissue concentration of verapamil as a 
function of the concentration injected and the dura- 
tion of administration between 7 and 28 days is 
presented in Table 1. The 2-mg/kg twice-a-day dose 
produced a higher myocardial level than the 1-mg/kg 
twice-a-day dose after 14 days, but this did not reach 
significance at 28 days. Verapamil was not detectable 
in plasma 14 h after the last injection of either dose of 
verapamil or with any duration of administration. 


Heart Rate and Contractile Responses to 
Epinephrine and Pacing 

The spantaneous rate of isolated SA nodal tissue from 
saline-treated rabbits (202 + 4 beats/min) was signifi- 
cantly higher than it was in tissues from rabbits treated 
for 28 days with 1 mg/kg verapamil twice a day (183 + 
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Figure 2. Effects of epinephrine on spontaneous SA nodal rates in 
nodal tissue from control and verapamil-treated rabbits (1 mg/kg 
twice a day for 28 days). Regression coefficients and slopes 
(beats-min~'/ug-mL~’), respectively, were 0.998 and 61.4 (control) 
and 0.996 and 45.3 (verapami). Both slopes are significantly 
different from zero and significantly different from each other, P < 
0.05); n = 7. 


6 beats/min). Sinoatrial nodal rate responses in saline- 
and chronic verapamil-treated groups to increasing 
concentrations of epinephrine are shown in Figure 2. 
The maximal SA nodal rate with 11 ug/mL epinephrine 
was 359 + 4 beats/min in the control group and 297 + 
14 beats/min in the verapamil group; the slope of the 
rate/log epinephrine dose-response was significantly 
less in the chronic verapamil group. 

Baseline (epinephrine-free) papillary muscle con- 
tractile force during pacing at the baseline rate of 
15 beats/min was not significantly different between 
verapamil-treated rabbits and saline-treated controls. 
Contractile force during suffusion with graded con- 
centrations of epinephrine (0.05, 0.1, and 0.2 ug/mL) 
increased significantly in both groups, but this in- 
crease was significantly less in the verapamil-treated 
group (Figure 3). In addition, the slope of the force/ 
epinephrine dose-response was significantly less in 
the chronic verapamil-treated group. 

Contractile force responses of papillary muscles to 
increasing pacing rates are shown in Figure 4. Base- 
line rate was 15 beats/min. Increasing the rate of 
pacing produced increases in contractile force at each 
of three rates in the control group and in the two 
highest rates in the verapamil-treated group; the 
slope of the force/rate response was significantly less 
in the chronic verapamil-treated group. 


Action Potential Responses in Papillary Muscle and 
Sinoatrial Nodal Fibers 


Action potential characteristics obtained by trans- 
membrane recordings of papillary and SA nodal cells 
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Figure 3. Isometric contractile force responses to epinephrine in 
isolated right ventricular papillary muscle from control and verap- 
amil-treated rabbits (1 mg’kg twice a day for 28 days). Pacing rate 
was 15 beats/min. *P < 0.05 vs epinephrine-free controls; *P < 0.05 
vs control for verapamil: n = 7. 
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Figure 4. Isometric contractile force responses to different pacing 
rates in papillary muscie obtained from control and verapamil- 
treated rabbits. *P < 0.05 vs 30 beats/min; *P < 0.05 vs control; 
n=7. 


are displayed in Table 2. Chronic verapamil treatment 
caused significant decreases in dV/dtmax during 
phase 0 of the action potential upstroke of both SA 
nodal tissue and papillary muscle. The rate of the 
phase 4 diastolic depolarization of SA nodal cells was 
also attenuated and associated with a slowing of the 
pacemaker rate. Sinoatrial nodal diastolic membrane 
potential was unchanged, and resting papillary mus- 
cle membrane potential was slightly but significantly 
depolarized after chronic verapamil treatment. 


Discussion 


We examined changes in myocardial contractility, SA 
nodal rate, and action potential characteristics of 
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Table 2. Effects of Verapamil on Myocardial 
Action Potentials 











Group Phase 4 (mV/s) Phase 0 (V/s) Em (mV) 
SA node 
Control 47 45 1.62 + 0.06 +55.3 4 1.2 
Verapamil- 85 + 4° 1.01 + 0.03" ~54.0 + 0.8 
treated 
Group APD (ms) Phase 0 (V/s) Em (mV) 
Papillary muscle 
Control 64.3 + 1.5 330 + 6 82.2 + 0.4 
Verapamil- 68.8 + 2.0 275 + 10° -80.5 + 0.4" 
treated 





Values are mean + sE. 

Rabbits were pretreated with 1 mg/kg verapamil or saline (control) twice 
a day for 28 days. Tissues from control and treated rabbits were studied 
simultaneously in the same bath. Sinoatrial nodal rates were 202 = 4 
beats/min (control) and 183 + 6 beats/min (verapamil). Muscles were paced 
at 30 beats/min (n = 7 Peats group): Three impalements for each sinoatrial 
nodal tissue and seven impalements for each papillary muscle., 

“P < 0.05 vs control groups. 


cardiac tissues isolated from rabbits after acute and 
chronic treatment with verapamil. Chronic (28 day) 
verapamil treatment significantly attenuated both 
papillary muscle contractile force by about 50%, at 
pacing rates of 60 beats/min, and spontaneous SA 
nodal rate by about 8%. Moreover, chronic treatment 
with verapamil attenuated increases in SA nodal rate 
and in papillary muscle contractility due to increasing 
doses of epinephrine. These changes were accompa- 
nied by the presence of verapamil in myocardial 
tissue but not in plasma. These effects were a conse- 
quence of chronic rather than of acute verapamil 
treatment. This is supported by the lack of in vitro 
cardiac effects of 2 mg/kg verapamil twice a day after 
1 day of treatment. The immediate increase in heart 
rate in conscious rabbits after injection of verapamil 
probably reflects a baroreflex response to lowered 
blood pressure with vasodilation (11). The increase in 
PR interval may be due to a direct effect of verapamil 
on the AV node, as well as to an indirect rate- 
dependent effect. 

Increasingly, a large number of patients are being 
treated with calcium channe! blockers for a variety of 
cardiovascular diseases (7,12). Cardiac effects of these 
agents include depression of SA and AV nodal auto- 
maticity, prolongation of AV conduction time, and 
suppression of the rate of ectopic impulse discharge 
(1,4,7,13,14). Although these agents act similarly to 
block the action potential-dependent calcium chan- 
nel, their obvious chemical heterogeneity suggests 
that several sites and mechanisms of action exist (9). 
Acutely, the calcium channel blockers act basically to 
inhibit the slow transsarcolemmal Ca?* influx while 
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having only a slight effect on the fast Na* current that 
initiates the normal myocardial action potential up- 
stroke (1,2). In addition to decreasing Ca** conduc- 
tivity, verapamil and diltiazem alter the kinetics of 
reactivation of the slow channels. Nifedipine acts by 
reducing only the number of available slow channels 
for Ca** transport while remaining available chan- 
nels function normally (15). For these reasons, the 
effects of verapamil and diltiazem, but not of nifedi- 
pine, are dependent on heart rate. 

The increased use of calcium channel blockers is 
related to the recognized importance of calcium as a 
mediator of automaticity and contractile force and to 
the effectiveness of calcium channel blockers on re- 
ducing myocardial ischemia by reducing heart rate 
and contractile force and by causing vasodilatation. 
These effects reduce oxygen and nutrient demand 
and increase oxygen supply. Our finding that chronic 
verapamil treatment significantly depresses the in- 
crease in contractile force of papillary muscle with 
increasing rates of contraction (i.e., the positive 
staircase effect) contrasts with results in studies in 
which verapamil is directly added to the superfusion 
medium. With acute administration, verapamil re- 
verses the positive staircase effect such that pro- 
gressively lower isometric force development is 
generated at higher stimulation frequencies (16). 
It appears that as stimulation rate is increased in 
the presence of verapamil, the reduced rate of 
recovery of the calcium channel results in a pro- 
gressive decrease in transsarcolemmal calcium flux 
with a subsequent decrease in contractile force (17). 
Indeed, verapamil not only reduces transmembrane 
calcium influx but also attenuates the rate of recovery 
of the calcium channel after a period of inactivation 
(18). 

Besides their primary effects on the cell membrane, 
calcium channel blockers appear to have intracellular 
effects, the exact nature and importance of which are 
unclear (12,16). Although verapamil does not appear 
to alter calcium release from sarcoplasmic reticulum 
in myocardial preparations utilizing skinned muscle 
(19), there are data that suggest that verapamil acts by 
mechanisms other than inhibition of inward calcium 
flux (6). Verapamil may have sites of action in addi- 
tion to a membrane site, i.e., intracellular effects, but 
there is no clear evidence for this at this time. We did 
not determine whether the verapamil concentration 
measured in cardiac tissue was bound extracellularly 
or located intracellularly. If verapamil accumulates on 
the extracellular surface, it might slow influx at the 
calcium channel. Our results with the faster pacing 
rates suggest that the slow inward current, but not its 
rate of recovery, is affected. For example, verapamil 


CARDIAC EFFECTS OF CHRONIC VERAPAMIL 


has been shown to slow the restitution kinetics of 
calcium availability from internal stores (20). Whether 
diltiazem and nifedipine also accumulate in cardiac 
tissues with chronic treatment and cause cardiac 
depression remains to be investigated. 

An understanding of the heart rate and contractile 
effects of chronic treatment with calcium channel 
blockers is important because significant depression 
of chronotropic and inotropic effects may remain after 
the treatment is discontinued. During chronic admin- 
istration of verapamil to patients, there is an in- 
creased plasma half-life along with myocardial accu- 
mulation of the drug (11). The therapeutic plasma 
concentration of verapamil is difficult to predict be- 
cause the pharmacologic effects of verapamil accumu- 
lated in myocardial cells might contribute to the 
overall therapeutic response. Myocardial accumula- 
tion of verapamil might develop from at least two 
kinetically different tissue stores: (a) acute accumula- 
tion at rapidly reversible binding sites that are de- 
pleted rapidly with falling plasma levels; and (b) 
chronic accumulation at slowly reversible binding 
sites that are depleted only slowly even though the 
plasma contains no detectable amount of verapamil. 

Potent volatile anesthetics decrease cardiac auto- 
maticity (1,2,4), conduction (4,21), and contractility 
(3,4,22-24). Acutely, volatile anesthetics alter verap- 
amil pharmacokinetics (25) and have additive effects 
with verapamil on cardiac contractile function, auto- 
maticity, and conduction (3,4,25-27). After chronic 
exposure to verapamil, it is expected that myocardial 
depression produced by volatile anesthetics would be 
augmented, 

Our study indicates an association between the 
tissue concentration of verapamil and a decrease in 
baseline cardiac function and in the responsiveness to 
epinephrine. Although this association does not nec- 
essarily imply a cause-and-effect relationship, our 
results do suggest the possibility that cardiac function 
in vivo can be depressed after chronic verapamil 
treatment and that the response to adrenergic ner- 
vous stimulation can be blunted. Changes in auto- 
nomic responsiveness, peripheral vascular tone, and 
other extrinsic cardiac influences during chronic ver- 
apamil treatment may underlie, at least in part, the 
effects we have observed in vitro. 
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Superior 
exceptiona 


Significantly improved speed and 
quality of recovery compared 
with thiopental/isoflurane 


Mean postanesthesia recovery times (min)! 


Thiopental/ 
DIPRIVAN isoflurane 





Duration of anesthesia 85* 57 





Response to commands a0" 6.1 
Fully oriented 5,5 9.4 
Able to tolerate fluids 61* 130 
“Ready” for discharge 138* 206 





—adapted from Korttila et al, p A564’ 
*Statistically significant (P < .05). 
Measurements taken from time of discontinuation of all maintenance anesthesia. 


Æ Majority of patients are generally 
awake, responsive, and oriented 
within 8 minutes 
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Significantly less nausea and vomiting 
than with thiopental/isoflurane 


Thiopental/ 
DIPRIVAN isoflurane 


Wetchler?® (n = 20) (n = 20) 
Nausea/vomiting 20% 65% 


Sung et al? (n = 49) (n = 50) 
Nausea/vomiting 8.1% 30% 





As part of a balanced anesthetic technique, 
DIPRIVAN is a cost-effective alternative 

to thiopental/isoflurane for induction and 
maintenance. 
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Maintenance of anesthesia as 
easily controlled as with 
isoflurane 
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—adapted from Herregods et al, p 364* 
“Significant difference (P< .05) from previous value. 
**P-< .02. (Mean and SEM Values are shown.) 
After a loading dose of 2 mg/kg, anesthesia was maintained with 150 ug/kg/min for 
30 minutes—then 100 g/kg/min for 90 minutes* 





E Total body clearance exceeds 
estimates of hepatic blood flow 


ENO active metabolites produced 


inesthetic agents, clearance rate of DIPRIVAN decreases in elderly patients. 


-E 


,ecover,and 
anesthetic control 


Hemodynamic effects are controllable 
and dose-dependent 


a Blood pressure (BP) predictably decreases on 
: es > 30%) but is within 
healthy individuals* 


m Hemodynamic effects during induction are 


generally more pronounced than with traditional 
IV induction agents 


After initial decreases in BP following induction, _ 
hemodynamics return toward baseline 


The cardiovascular effects of DIPRIVAN may be increased in patients who have received sedative or narcotic premedications.' 


DIPRIVAN is not anarcotic agent 
When used with NoO/O; for maintenance, supplementation with IV analgesic agents is generally required; muscle relaxants may also 
be required, 


Since the vehicle (soybean oil in water emulsion) is capable of supporting rapid growth of microorganisms, strict aseptic tech- 
nique must always be maintained while handling DIPRIVAN Injection. (See WARNINGS and DOSAGE AND ADMINISTRATION 
sections in the brief summary of prescribing information at the end of this advertisement.) 


*Elderly, debilitated, and/or hypovolemic patients, and those rated ASA III/IV, may have more profound adverse 
cardiovascular responses. 
‘Induction dose requirements may be reduced. 
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As part of a balanced anesthetic technique’ ’ 
DIPRIVAN is a cost-effective alternative to 
thiopental/isoflurane for induction and 
maintenance. 


E Significantly improved speed and quality of recovery 
compared with thiopental/isoflurane 


E Significantly less nausea and vomiting than with 
thiopental/isoflurane 


m As convenient and as easily controlled as isoflurane 
for maintenance of anesthesia 


References: 1. Korttila K, Faure E, Apfelbaum J, Ekdawi M, Prunskis J, Roizen M. Recovery from propofol versus thiopental-isoflurane in 
patients undergoing outpatient anesthesia. Anesthesiology. 1988;69(3A):A564. Abstract. 2. Wetchler BV. A comparative evaluation of 
recovery following anesthesia with Diprivan® (propofol) by intravenous infusion versus Diprivan® followed by isoflurane versus 
thiopental sodium followed by isoflurane for short surgical procedures. Data on file, Stuart Pharmaceuticals, Wilmington, Delaware. 
3. Sung YF, Reiss N, Tillette T. The differential cost of anesthesia and recovery with propofol- -nitrous oxide anesthesia versus thiopental- 
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(‘Diprivan’) pharmacokinetics and metabolism: an overview. Postgrad Med J. 1985; Taine 3): 45-50. 
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DIPRIVAN’ 


INJECTION p rO DO fo J 


10 mg/ml. 
EMULSION FOR IV ADMINISTRATION 


{For full prescribing information, see package insert.) 
INDICATIONS AND USAGE: DIPRIVAN Injection is ar: 1V anesthetic agent that can be used for both induction 
and/or maintenance of anesthesia as part of a balanced anesthetic technique for inpatient and outpatient surgery. 

DIPRIVAN injection is not recommended for obstetrics, including cesarean section deliveries, because there 
are insufficient data to support its safety to the fetus. (See PRECAUTIONS. } : 

DIPRIVAN Injection is not recommended for use in nursing mothers because DIPRIVAN Injection has been 
reported to be excreted in human milk and the effects of oral absorption of smail amounts of propofol are not 
known. (See PRECAUTIONS.) 

DIPRIVAN Injection is not recommended for use in pediatric patients because safety and effectiveness have 
not been established. (See PRECAUTIONS.) 

DIPRIVAN Injection is not recommended for use at this time in patients with increased intracranial pressure 
or impaired cerebral circulation because DIPRIVAN Injection may cause substantial decreases in mean arterial 
pressure, and consequently, substantial decreases in cerebral perfusion pressure. (See PRECAUTIONS.) 
CONTRAINDICATIONS: When general anesthesia is contraindicated or in patients with a known hypersensitivity 
to DIPRIVAN injection or its components. 

WARNINGS: DIPRIVAN injection should be administered oniy by persons trained in the administration of general 
anesthesia. Facilities for maintenance of a patent airway, artificial ventilation, and oxygen enrichment and 
circulatory resuscitation must be Immediately available, 

DIPRIVAN Injection should not be coadministered through the same IV catheter with blood or plasma because 
compatibility has not been established. In vitro tests have shown that aggregates of the globular component 
of the emulsion vehicle have occurred with blood/plasma/serum from humans and animals. The clinical signifi- 
cance is not known. 

Strict aroptic techniques must always be maintained while handling DIPRIVAN Injection. The vehicie in 
DIPRIVAN injection is capable of supporting rapid growth of microorganisms. (See DOSAGE AND ADMIN- 
ISTRATION, Handling Procedures.) 
PRECAUTIONS: Ganeral: A {ower induction dose and a slower maintenance rate of administration should be 
used in elderly, debilitated and/or patients with circulatory disorders, and those rated ASA It! or lV. (See DOSAGE 
AND ADMINISTRATION.) Patients should be continuously monitored for early signs of significant hypotension 
and/or bradycardia. Treatment may include increasing the rate of intravenous fluid, elevation of lower extremities, 
use of pressor agents, or administration of atropine. Apnea often occurs during induction and may persist for more 
than 60 seconds. Ventilatory support may be required. Because DIPRIVAN Injection is an emulsion, caution 
should be exercised in patients with disorders of lipid metabolism such as primary hyperlipoproteinemia, diabetic 
ask and pancreatitis. . 

ince DIPRIVAN Injection is never used alone, an adequate period of evaluation of the awakened patient is 
indicated to ensure satisfactory recovery from general anesthesia prior to discharge of the patient from the 
recovery room or to home. 

Transient local pain may occur during intravenous injection, which may be reduced sy prior injection of IV lidocaine 
(1.0 mL of a 1% solution). Venous sequelae (phlebitis or thrombosis) have been reported rarely (< 19%). In two well- 
controlled clinical studies using dedicated intravenous catheters, no instances of venous sequelae were reported 
up to ad following induction. Pain can be minimized if the larger veins of the forearm or antecubital fossa are 
used, Accidental clinical extravasation and intentional injection into subcutaneous or perivascular tissues of animals 
Caused minimal tissue reaction. intra-arterial injection in animals did not induce loca tissue effects. One accidental 
intra-arterial injection has been reported in a patient, and other than pain, there were no major sequelae. 

Perioperative myoclonia, rarely including opisthotonus, has occurred in a temporal relationship in cases in 
which DIPRIVAN Injection has been administered. r 

Rarely, a clinical syndrome which may include bronchospasm and erythema accompanied by hypotension 
has occurred shortly after the administration of DIPRIVAN Injection, although the use of other drugs in most 
instances makes the relationship to DIPRIVAN injection unclear. : 

Orug Interactions: As DIPRIVAN Injection has no aoe activity, premedication has usually included anti- 
cholinergic agents (eg, atropine or glycopyrrolate) to modify potential increases in vagal tone due to concomitant 
agents (eg, succinylcholine) or surgical stimuli. 

The induction dose requirements of DIPRIVAN Injection may be reduced in patients with intramuscular or intra- 
venous premedication, particularly with narcotics (eg, morphine, meperidine, and fentanyl) and combinations 
of narcotics and sedatives (eg, benzodiazepines, barbiturates, chloral hydrate, droperidol, etc). These agents 
may increase the anesthetic effects of DIPRIVAN Injection and may also result in more pronounced decreases 
in systolic, diastolic, and mean arterial pressures and cardiac output. 

Ouring maintenance of anesthesia, the rate of DIPRIVAN injection administration should be adjusted according 
to the desired level of anesthesia and may be reduced in the presence of supplemental analgesic agents (eg, 
nitrous oxide or opioids). The concurrent administration of potent inhalational agents (eg, isoflurane, enflurane, 
and halothane) during maintenance with DIPRIVAN injection has not been extensively evaluated. These inhala- 
tional agents can also be expected to increase the anesthetic and cardiorespiratory affects of DIPRIVAN Injection. 

DIPRIVAN Injection does not cause a clinically significant change in onset, intensity or duration of action of 
the commonly used neuromuscular blocking agents (eg, succinyicholine and nondepolarizing muscle relaxants). 

No significant adverse interactions with commonly used premedications or drugs used during anesthesia 
(chang a range of muscle relaxants, inhalational agents, analgesic agents, and local anesthetic agents) have 

een observed. 
Sare mopeneale, Mutagenesis, impairment of Fertility; Animal carcinogenicity studies have not been performed 
with propofol. 

Ìn vitro and in vivo animal tests failed to show any potential for mutagenicity by propofol. Tests for mutagenicity 
included the Ames (using Sa/monelia sp) mutation test, gene mutation/gene conversion using Saccharomyces 
cerevisiae, in vitro cytogenetic studies in Chinese hamsters and a mouse micronucleus test. 

Studies in female rats at intravenous doses up to 15 mg/kg/day (6 times the maximum recommended human 
induction dose) for 2 weeks before pregnancy to day 7 of gestation did not show impaired fertility. Male fertility 
in rats was not affected in a dominant lethal study at intravenous doses up to 15 mg/kg/day tor 5 days. 
Pregnancy Category B: Reproduction studies have been performed in rats and rabbits at intravenous doses of 
15 mg/kg/day (6 times the recommended human induction dose) and have revealed no evidence of impaired fer- 
tility or harm to the fetus due to propofol. Propofol, however, has been shown to cause maternal deaths in rats 
and rabbits and decreased pup survival during the lactating period in dams treated with 15 mg/kg/day (or 6 times 
the recommended human induction dose). The pharmacological activity (anesthesia) of the drug on the mother 
is probably responsible for the adverse effects seen in the offspring. There are, however, no adequate and well- 
controlled studies in pregnant women. Because animal reproduction studies are not always predictive of human 
responses, this drug should be used during pregnancy only if clearly needed. 

Labor and Detivery: DIPRIVAN Injection is not recommended for obstetrics, including cesarean section deliveries, 
because there are insufficient data to support its safety to the fetus. 

Nursing Mothers: DIPRIVAN injection is not recommended for use in nursing mothers because DIPRIVAN has 
petal reported to be excreted in human milk and the effects of oral absorption of small amounts of propofol are 
not known. 

Pediatric Use: DIPRIVAN Injection is not recommended for use in pediatric patients because safety and 
effectiveness have not been established. 

Neurosurgical Anesthesia: Studies to date indicate that DIPRIVAN Injection decreases cerebral blood flow, 
cerebral metabolic oxygen consumption, and intracranial pressure, and increases cerebrovascular resistance. 
DIPRIVAN Injection does not seem to affect cerebrovascular reactivity to changes in arterial carbon dioxide 
tension. Despite these findings, DIPRIVAN Injection is not recommended for use at this time in patients with 
increased intracranial pressure or impaired cerebral circulation because DIPRIVAN Injection may cause substantial 
decreases in mean arterial pressure, and consequently, substantial decreases in cerebral perfusion pressure, 
Further studies are needed to substantiate what happens to intracranial pressure following DIPRIVAN Injection 
when decreases in mean arterial and cerebral perfusion pressures are prevented by appropriate measures. 
ADVERSE REACTIONS: Adverse event information is derived from controlled clinical trials and worldwide 
marketing experience. in the description below, rates of the more common events represent US/Canadian clinical 
Study results. Less frequent events are derived principally from marketing experience in approximately 7 million 
patients and from publications; there are insufficient data to support an accurate estimate of their incidence rates, 

The foliowing estimates of adverse events for DIPRIVAN injection are derived from reports of 1573 patients 
included in the US/Canadian induction and maintenance studies. These studies were conducted using a variety 
of premedicants, varying lengths of surgical procedures and various other anesthetic agents. Most adverse events 
were mild and transient. 

The following adverse events were reported in patients treated with DIPRIVAN injection. They are presented 
within each body system in order of decreasing frequency. 

Incidence Greater than 1% —All events regardless of causality, derived from clinical trials 
Body as a Whole: Fever. Cardiovascular: Hypotension” (see afso CLINICAL PHARMACOLOGY’ }, Bradycardia, 





DIPRIVAN® (propotoi) injection 





Hypertension. Central Nervous System: Movement” Headache, Dizziness, Twitching, Bucking/Jerking/ 
Thrashing, Clonic/Myoctonic Movement. Digestive: Nausea,"* Vomiting,” Abdominal Cramping. Injection Site: 
Burning/Stinging.”” Pain,** Tingling/Numbness, Coidness. Respiratory: Cough, Hiccough, Apnea (see also 
CLINICAL PHARMACOLOGY). Skin and Appendages: Flushing. 
Incidence of unmarked events is 1%-3%; "3% to 10%; **10% or greater. 
incidence Less than 1% — Causal Relationship Probable (Adverse events reported only in the literature, not 
seen in clinical trials, are italicized) 
Body as a Whole: Extremities Pain, Chest Pain, Neck Stiffness, Trunk Pain. Cardiovascular: Tachycardia, 
Premature Ventricular Contractions, Premature Atrial Contractions, Syncope, Abnormal ECG, ST Segment 
Depression. Central Nervous System: Shivering. Somnolence, Hypertonia/Dystonia, Paresthesia, Tremor, 
Abnormal Dreams, Agitation, Confusion, Delirium, Euphoria, Fatigue, Moaning, ety Digestive: Hypersaii- 
vation, Dry Mouth, Swallowing. Injection Site: Discomfort, Phiebitis, Hives/Itching, Redness/Discoloration. 
Musculoskeletal: Myaigia. Respiratery: Upper Airway Obstruction, Bronchospasm, Dyspnea, Wheezing, 
Hypoventilation, Burning in Throat, Sneezing, Tachypnea, Hyparvantlation, Hypoxia. Skin and Appendages: 
Rash, Urticaria. Special Senses: Amblyopia, Dipiopia, Eye Pain, Taste Perversion, Tinnitus, Urogenital: Urine 
Retention, Green Urine. 
Incidence Less than 1% — Causal Relationship Unknown (Adverse events reported only in the literature, not 
seen in clinical trials, are italicized.) 
Cardiovascular: Arrhythmia, Bigeminy, Edema, Ventricular Fibrillation, Heart Block, Myocardial Ischemia. Central 
Nervous System: Anxiety, Emotional Lability, Depression, Hysteria, Insomnia, Generalized and Localized Seizures, 
Opisthotonus. Digestive: Diarrhea. Respiratory: Laryngospasm. Skin and Appendages: Diaphoresis, Pruritus, 
Conjunctival Hyperemia. Special Senses: Ear Pain, Nystagmus. Urogenital: Abnormal Urine. 
DRUG ABUSE AND DEPENDENCE: None known, 
DOSAGE AND ADMINISTRATION: Induction: Dosage should be individualized and titrated to the desired effect 
according to the patient's age and clinical status. Most adult patients under 55 years of age and classified ASA | 
and ilare ey to require 2.0 to 2.5 mg/kg of DIPRIVAN Injection, for induction when popremedioated or when 
premedicated with oral benzodiazepines or intramuscular narcotics. For induction, DIPRIVAN Injection should 
be titrated (approximately 40 mg every 10 seconds) against the response of the patient until the clinical signs 
show the onset of anesthesia. 
it is important to be familiar and experienced with the intravenous use of DIPRIVAN Injection before treating 
elderly, debilitated, hypovolemic patients and/or those in ASA Physical Status Classes Iil or IV. These patients 
may be more sensitive to the effects of DIPRIVAN Injection; therefore, the dosage of DIPRIVAN Injection should 
be decreased in these patients by approximately 50% (20 mg every 10 seconds) according to their conditions 
and responses. (See PRECAUTIONS, and DOSAGE GUIDE.) 

Additionally, as with most anesthetic agents, the effects of DIPRIVAN injection may be increased in patients 
who have received intravenous sedative or narcotic premedications shortly prior to induction. 
Maintenance: Anesthesia can be maintained by administering DIPRIVAN Injection by infusion or intermittent 
IV bolus injection. The patient's clinica‘ response will determine the infusion rate or the amount and frequency 
of incremental injections. 

When administering DIPRIVAN Injection by infusion, it is recommended that drop counters, syringe pumps 

or volumetric pumps be used to provide controlled infusion rates. 
Continuous infusion: DIPRIVAN Injection 0.1 to 0.2 mg/kg/min administered in a variable rate infusion with 
60%-70% nitrous oxide and oxygen provides anesthesia for patients undergoing general surgery. Maintenance 
by infusion of DIPRIVAN Injection should immediately follow the induction dose in order to provide satisfactory 
or continuous anesthesia during the induction phase. During this initial period following the induction injection 
higher rates of infusion are generally required (0.15 to 0.20 mg/kg/min) for the first 10 to 15 minutes. Infusion 
rates should subsequently be decreased by 30%- 50% during the first half-hour of maintenance. Changes in 
vital signs (increases in pulse rate, blocd pressure, sweating and/or tearing) that indicate a response to surgical 
stimulation or lightening of anesthesia may be controlled by the administration of DIPRIVAN Injection 25 mg 
(2.5 mL) or 50 mg (5.0 mL) incremental boluses and/or by increasing the infusion rate. if vital sign changes are 
not controlled after a five minute period, other means such as a narcotic, barbiturate, vasodilator or inhalation 
agent therapy should be initiated to control these responses. 

For minor surgical procedures (ie, body surface) 60%-70% nitrous oxide can be combined with a variable rate 
DIPRIVAN Injection infusion to provide satistactory anesthesia. With more stimulating surgical procedures (ie, 
rie eon) el with analgesic agents should be considered to provide a satistactory anesthetic 
and recovery profile. 

Infusion rates should always be titrated downward in the absence of clinical Signs of light anesthesia until a mild 
response to surgical stimulation is obtained in order to avoid administration of DIPRIVAN Injection at rates higher 
than are clinically necessary. Generally, rates of 0.05 to 0.1 mg/kg/min should be achi 
in order to optimize recovery times, 
intermittent Bolus: increments of DIPRIVAN injection 25 mg (2.5 mL) or 50 mg (5.0 mL) may be administered 
with nitrous oxide in patients undergoing general surgery. The incremental boluses should be administered when 
changes in vital signs indicate a response to surgical stimulation or light anesthesia. 

DIPRIVAN Injection has been used with a variety of agents commonly used in anesthesia, such as atropine, 
scopolamine, glycopyrrolate, diazepam, depolarizing and nondepolarizing muscle relaxants, and narcotic anal- 
gesics, as well as with inhalational and regional anesthetic agents. (See Drug Interactions.) 
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DOSAGE GUIDE 
INDICATION | DOSAGE AND ADMINISTRATION 
induction Dosage should be individualized. 
Adults: Are likely to require 2.0 to 2.5 mg/kg (approximately 40 mg every 10 seconds 
until induction onset). 
Elderly, Debilitated, Hypovolemic and/or ASA HI or IV Patients: Are likely to require 
1.0 to 1.5 mg/kg (approximately 20 mg every 10 seconds until induction onset). 
Maintenance : n M 
Infusion Varlable rate infusion — titrated to the desired clinical effect. Adults: Generally, 0.1 to 
0.2 mg/kg/min (6 to 12 mg/kg, 
Elderly, Debliitated, Hypovolemic and/or ASA Ili or IV Patients: Generaliy, 0.05 to 
0.1 mg/kg/min (3 to 6 mg/kg/h). 
Intermittent Bolus | increments of 25 mg to 50 mg, as needed. 








Compatibility and Stability: DIPRIVAN Injection should not be mixed with other therapeutic agents prior to 
administration. 

Dilution Prior to Administration: When DIPRIVAN Injection is diluted prior to administration, it should only be 
diluted with 5% Dextrose Injection, USP, and it should not be diluted to a concentration less than 2 mg/mL because 
itis an emulsion. In diluted form it has been shown to be more stable when in contact with glass than with plastic 
{95% potency after 2 hours of running infusion in plastic.) 

Administration Into a Running IV Catheter: Compatibility of DIPRIVAN Injection with the coadministration of 
biood/serum/plasma has not been established. (See WARNINGS.) DIPRIVAN Injection has been shown to be 
compatible with the following intravenous fluids when administered into a running IV catheter. 

~&% Dextrose Injection, USP 

~ Lactated Ringers Injection, USP 

~Lactated Ringers and 5% Dextrose Injection 

~ 5% Dextrose and 0.45% Sodium Chioride Injection, USP 

— 5% Dextrose and 0.2% Sodium Chioride injection, USP 
Handling Procedures: Parenteral drug products should be inspected visually for particulate matter and 
disco‘oration prior to administration whenever solution and container permit. 

Do not use if there is evidence of separation of the phases of the emulsion. 

Strict aseptic techniques must always be maintained during handling as DIPRIVAN Injection is a single-use 
parenteral product and contains no antimicrobial preservatives, The vehicle is capable of supporting rapid growth 
of microorganisms. 

DIPRIVAN Injection should be drawn into sterile syringes immediately after ampules are opened. Administration 
should then commence without extenced delay. 

DIPRIVAN Injection should be prepareq for single patient use only and any unused portions of DIPRIVAN 
Injection or solutions containing DIPRIVAN Injection must be discarded at the end of the surgical procedure. 

Failure to follow aseptic handling procedures may result in microbial contamination causing fever and/or other 
adverse consequences which could lead to life-threatening illness. a 
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Made in Sweden 
Manufactured for: 


STUART PHARMACEUTICALS 
A business unit of IC! Americas Inc. 
Wilmington, Delaware 19897 USA 


Mock Orals Help Dr. Smith 


Why the Osler course best meets your individual needs: 
Home-study, lectures, and practice oral exams — limited to 90 participants 


The Osler Institute Anesthesiology Oral Boards Tutorial 
April 15-23, 1991 — San Diego 


July 6-11, 1991 — Chicago 


Dear Fellow Physician: 


Dr. Smith (not his real name) had failed his 
oral boards several times. His group was 
satisfied with his work but his job depended 
on becoming board certified. He was eligible 
to take the exam only one more time. A 
friend advised him to take our Osler 
Institute’s Anesthesiology Board Review 
Course. 


Home Study Questions 


Before the course, we sent him several 
hundred pages of multiple choice questions 
and keywords with answers and 
explanations. These were given to us by past 
participants. Now we also have a collection 
of mock-oral-exam stem cases and related 
questions to send you. 


Free Sample Offer 


We offer to send you a gift without 
obligation: a free sample of our multiple 
choice questions or our mock oral cases. We 
would like to share these with you whether or 
not you take our course, Please request on 
course registration form. 


Complete Syllabus 


We can also send you a copy of a previous 
course syllabus. Our price to you is $60 
{about our production cost), The supply is 
limited. Those registering for the six day 
lecture course will receive several hundred 
pages of current lecture notes and all home 
study materials at no extra charge. 


Great Lectures 


At the course, Dr. Smith enjoyed six days 
of outstanding lectures by some of the best- 
known teachers in anesthesiology — as 
well as by several outstanding junior 
faculty who had been asked back because 
of their excellent participant evaluation 
scores, Also several new faculty had been 
recommended for their speaking ability. 


Some of the lectures were of little use to Dr. 
Smith — he is regarded as an expert in his 
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r Limited Enrollment: Anesthesiology Tutorial Registration 


Name 


field; he could have given several of the 
lectures himself. Knowledge was not his 
problem; his problem was presenting his 
knowledge in the oral exam, He skipped 
several lectures to attend: 


Mock Oral Exams 


The first day of the course, a recently 
retired board examiner explained the 
philosophy, process, and scoring of the real 
oral exam. Each evening as well as 
concurrent with most lectures there were 
mock oral exams for Dr. Smith. These are 
group sessions with one participant taking 
the hot seat for about 25 minutes while others 
watch. Each participant is entitled to a tum 
in the hot seat as well as unlimited 
observation of others. 


When Dr. Smith took the hot seat his heart 
quickened, his palms sweated, and his hands 
shook. The faculty presented a stem 
question, paused a minute, then asked the 
first question. Dr. Smith opened his mouth, 
but his tongue was thick and dry. He 
stammered and stuttered — failed to form 
even a sentence — just like when he failed the 
real oral exam. But this time was different; 
the faculty coached and encouraged 
him. His panic passed and his performance 
improved. 

Extra Mock Orals 


The course budget could not support 
enough faculty for an unlimited number of 
mock orals for every participant. In our 
previous course, assertive attendees had 
taken the hot seat repeatedly before others 
had a chance. In response, we mark 
participant name tags for the first mock oral. 
We also hire additional faculty time and sell 
$70 tickets for extra tums in the hot seat. 


Dr. Smith became more comfortable in the 
hot seat. He continued to improve. 


Private and Dual Orals 
Dr. Lee, however, was too shy to take the 
hot seat in front of anyone else. We now 
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Mail Today to: 
1094 Dawn Lane, Dept. A14 
P.O. Box 2218 

Terre Haute, IN 47802 
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For: [_] Apr. 15-23, 1991 — San Diego 
[C] July 6-11, 1991 — Chicago 
C] Sept. 30-Oct. 8 ~ Tampa 


[] Check Enclosed for $ 
[C] Please send free sample 





Sept. 30-Oct. 5 — Tampa 


have a thirty dollar surcharge for private 
sessions, Also, Dr. Jones wanted two 
examiners, just like the real exam. Such 
sessions take twice the faculty time, so we 
must charge $140 per session. 


Video Mock Orals 


At our June course, we had a portable TV 
studio to make educational tapes with some 
of the faculty. Video taping mock orals was 
so popular that we now offer a video tape of 
your practice exam for an extra ten dollars 
per session. 


Extra Mock Oral Days 


Lectures end on Saturday and the real oral 
exams are the next Monday through Friday. 
What do you do in the meantime? Sunday 
through Tuesday of oral exam week are 
optional extra days of mock oral exams. For 
$140 per day, attendees receive one 25 
minute hot seat session and observation of 
other sessions for nine hours. 


Your Individual Needs 


The quality of our courses gave us growth. 
Growth helped us improve to meet your 
individual needs. At the course, you may 
choose every hour between a lecture or 
observation of one-on-one mock oral exams. 


Passing Your Boards 


Will our course help you pass your boards? 
Dr. Smith passed his oral exam the week 
after our course. A candidate calling to 
register for our course told us: 


“Five of my partners took your course; 
they all passed their oral boards; and 
they all recommended your course.” 


One of our faculty reported: 
“All of my residents who took the 
course passed their boards.” 


We can’t guarantee that you will pass. We 
can’t say that taking our course will make 
the difference between passing or failing. All 
we can say is that a lot of our participants tell 
us that the course was helpful. See 
registration form to request a free sample. 


We look forward to meeting you at our 
course and helping you to pass your board 
exams, 


Cordially, 





Joseph H. Selliken, Jr., M.D. 
P.S. To reserve your place call today 


(800) 356-7537 


FOCUS 


The 28th Annual New York Anesthesiology Review provides a comprehensive and 
integrated study of current practice that prepares participants for successful perform- 
ance on both the 1991 Written and Oral Board Examinations. This program also pro- 
vides a thorough up-date for the practicing anesthesiologist emphasizing the latest 
pharmacologic and technologic advances in the field. 


FORMAT 


GENERAL SESSIONS: Each day, all registrants meet in general session for six or 
seven presentations followed by questions and discussion (32 presentations over 

five days). Presentations focus on the seminal topics in anesthesia, conducted by 

acknowledged leaders in the field. 


KEY-WORD REVIEWS: Following each General Session (Mon. - Thurs.) participants 
attend group discussions, team-taught by faculty from the Albert Einstein College of 
Medicine, and designed specifically for anesthesiologists working toward the written 
board examination. 


BREAKFAST MEETINGS: in addition, faculty from the host institutions offer participants 
both small-group meetings covering case discussions and Special Workshops that 


28th ANNUAL 


NEW YORK 
ANESTHESIOLOGY 
REVIEW 


June 17-21, 1991 explore the management of specific situations. 
Waldorf Astoria Hotel 
New York City GUEST FACULTY DIRECTOR 
Paul G. Barash, M.D Ehzabeth A.M. Frost, M.D. 
Phifip ©. Bridenbaugh, M.D CO-DIRECTORS 


D. Ryan Cook, M.D. 
Edmond i. Eger i, M.D 
Burton S. Epstein, M.D. 
Mieczyslaw Finster M D 

Edward D. Miller, M.D. 

Ronald 0, Miller, M.D. 

Barry A. Shapiro, M.D. 
Richard M. Sommer, M.D 


Paul L. Gotdiner M.D. DOS 
Joei A. Kaplan. M.D. 


ALBERT EINSTEIN 
COLLEGE OF MEDICINE/ 
MONTEFIORE 





MEDICAL CENTER 


AND 


MOUNT SINA! 


MEDICAL CENTER 





College of Medicines 
Montefiore Medical Center 


Mount Sinai Medical Center 


Paul F. White, M.D. 
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Anesthesiology Review Seminar 





Sponsored by Creighton University School of Medicine and Professional Seminars, Inc 
Aprii 15-22, 1991 San Diego 


Unlimited Mock Oral Practice Sessions 


Creighton University and Pro- 
fessional Seminars, inc. present an 
intensive review seminar intended for 
practicing physicians needing to fulfill 
their CME requirements and candi- 
dates preparing to take their oral or 
wirtten board exam. Emphasizing 
fundamental principles and clinical 
practice, lectures will reflect the lead- 
ing edge of current techniques and 
research. 

The faculty selected for the 
Anesthesiology Review Seminar are 
among the best teachers on the lec- 
ture circuit today. Involved in spear- 
heading new research and discovery, 
they provide participants with fresh 
perspective and enthusiasm as 
weil as a current knowledge base. 

Daily mock oral sessions give 
individual attention to each partici- 
pant. Practice examiners will help 
polish your presentation by teaching 
you thought organization and deliv- 
ery. Special sessions are scheduled 
fo teach you the do's and don'ts of 
taking the oral exam and to explain 
how the actual exam is scored. 


Home study material is avail- 
able upon request to enable candi- 
dates to focus on areas needing at- 
tention at the course. 

Attendance at this seminar will 
be kept low to enable faculty and staff 
to attend to the individual needs of 
each participant. Only the first 100 
registrations will be accepted. 

For a complete list of topics, 
faculty or references, call Profes- 
sional Seminars, inc. at 1-800-445- 
4564 or wirte to P.O. Box 498, Clinton, 
IN 47842. To register for this 
course,call Creighton University, 
CME Division at 1-800-548-2633. 
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“Your limited registration was defi- 
nitely a plus. It gave me the opportu- 
nity to work individually with the fac- 
ulty and made me more relaxed 
about the upcoming exam." 


"Participating in the mock orals gave 
me the practice and confidence | 
needed. After your course, | telt pre- 
pared..." 


"Attending your course just before 
my exam was the best thing | could 
have done to prepare for my actual 
exam./ passed on my first try. | will 
recommend it to my associates." 


$450 





Social Security # California at 24th Street 


exp. 





$675 - 
$120/day-extra mock orals Apr. 21,22 
- repeating or residents 

Pay to: Professional Seminars, Inc. 
Mail to: Creighton University 


Creighton University School 
of Medicine is accredited by the 
Accreditation Council for Continu- 
ing Medical Education to sponsor 
continuing medical education for 
physicians. 


Creighton University School 
of Medicine designates this con- 
tinuing medical education activity 
for 60 hours In Category 1 of 
the Physicians Recognition Award 
of the American Medical Associa- 
tion. One credit hour may be 
claimed for each hour of participa- 
tion by physicians. 


















San Diego April 15-20 







Division of CME 








Omaha, NE 68178 
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Easy reversal, complete recovery 


Rapid elimination of Tracrium means 
easy reversal and fast, complete recovery. Of all 
the agents i in its class* Tracrium has the shortest 
elimination half-life (approx. 20 min.). S 


Low risk of residual blockade 


In short and long procedures and ina wide 


> i range of patient types, its unique metabolism — 
“unaffected byr renal or hepatic dysfunction — 
~ gives Tracrium the most consistent pharmaco-“ - | 
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«References and brief summary of Fiskpretcriie information can a be: foundon the oi 3 page. ~ 


Outstanding record 
of cardiovascular safety 
‘Documented by two recent surveillance 
studies: “The absence ofa significant difference 
in cardiovascular events between the atracurium 
and comparison groups in the U.S. study was 
_corroborated in the U.K. study; however in the 
_ latter, the vecuronium group experienced 
~ more cardiovascular events than the 
~ atracurium group.” 


E ra en A *Novdeplarzng neuromuscular blocking agents. 


INECC HON 


eh 
ys 
we 


` r r + i N 
$ . ia aS % P3 or oa k 
3 Re oh < ` Yie A 
gy ah z3 ae > OSN s x 
ae ro “> . 3 $ * 
Ps a LA C a as f oA Sad 
. ee eee Me” a è A e 
€ 4 par SA Tp $ 4 - 
v si ‘ ~ e aNs > 
À s: Os he See scat e 
ue > e re Ee” Sa ie 9 
rr TS y* > 2w Ga 
i eS BY: Fee Š r ae, SiS 4 
a Ty p ig ni tees » 
> i “ts ` = Bin o 
% - $ v 
` “ n + 
` . ~* " i A 
N . vie 
Š Whe | 4 
n + ie ih s N ba > 
; k y Le e = 4% 
~ i+ a t ka eS i 
A ; ; å By p. š 
° s à > ie a 

4 . € a <.% ee, 

e N h wit a 
i Pera ~ $ p a4 

D b ~ oe 

el N 
Diy $ T - 

“gy ' CAET i 
J 2 miai y 
CRA ¥ 34 a i Me Kn 3 "E A a 

. e a Be . oat 
‘ = 5 : 5 „$ A 7 
s Apr ` SE Nee 


TRACRIUM necnon 


(atracurium besylate) 


Ready-to-use convenience, stable 14 days on carts and trays 


Brief Summary 
This drug should be used only by adequately trained individuals familiar with its actions, characteristics, and 
hazards. 


INDICATIONS AND USAGE: Tracrium is indicated, as an adjunct to general anesthesia, to facilitate endotracheal 
intubation and to provide skeletal muscle relaxation during surgery of mechanical ventilation 


CONTRAINDICATIONS: Tracrium is contraindicated in patients known to have a hypersensitivity to it 


WARNINGS: TRACRIUM SHOULD BE USED ONLY BY THOSE SKILLED IN AIRWAY MANAGEMENT AND RESPI- 
RATORY SUPPORT. EQUIPMENT AND PERSONNEL MUST BE IMMEDIATELY AVAILABLE FOR ENDOTRACHEAL 
INTUBATION AND SUPPORT OF VENTILATION, INCLUDING ADMINISTRATION OF POSITIVE PRESSURE 
OXYGEN. ADEQUACY OF RESPIRATION MUST BE ASSURED THROUGH ASSISTED OR CONTROLLED VENTI- 
LATION. ANTICHOLINESTERASE REVERSAL AGENTS SHOULD BE IMMEDIATELY AVAILABLE. DO NOT GIVE 
TRACRIUM BY INTRAMUSCULAR ADMINISTRATION. Tracrium has no known effect on consciousness, pain 
threshold, or cerebration. It should be used only with adequate anesthesia. Tracrium Injection, which has an 
acid pH. should not be mixed with alkaline solutions (e.g. barbiturate solutions) in the same syringe or administered 
simultaneously during intravenous infusion through the same needle. Depending on the resultant pH of such 
Mixtures, Tracrium may be inactivated and a free acid may be precipitated. Tracrium injection 10 mt. multiple 
dose vials contain benzyl alcohol. Benzyl alcohol has been associated with an increased incidence of neurological 
and other complications in newborn infants which are sometimes fatal, Tacrium Injection 5 mL. amputs and 5 
mi. single use vials do not contain benzyl alcoho! 


PRECAUTIONS: General: Although Tracrium is a tess potent histamine releaser than d-tubocurarine or metocurine, 
the possibility of substantial histamine release in sensitive individuals must be considered. Special caution should 
be exercised in administering Tracrium to patients in whom substantial histamine release would be especially 
hazardous (e.g. patients with clinically significant cardiovascular disease) and in patients with any history (e.g. 
severe anaphylactoid reactions or asthma) suggesting a greater risk of histamine release. In these patients, the 
recommended initial Tracrium dose is lower (0.3 to. 0.4 mg/kg) than tor other patients and should be administered 
Slowly or in divided doses over one minute. Since Tracrium has no clinically significant effects on heart rate 
in the recommended dosage range, it will nol counteract the bradycardia produced by many anesthetic agents 
or vagal stimulation. As a result. bradycardia during anesthesia may be more common with Tracrium than with 
other muscle relaxants. Tracrium may have profound effects in patients with myasthenia gravis, Eaton-Lambert 
syndrome, of other neuromuscular diseases in which potentiation of nondepolarizing agents has been noted 

The use of a peripheral nerve stimulator is especially important for assessing neuromuscular blockade in these 
patients. Similar precautions should be taken in patients with severe electrolyte disorders or car 
cinomatosis. Multiple factors in anesthesia practice are suspected of triggering malignant hyperthermia (MH). 
a potentially tatal hypermetabolic state of skeletal muscle. Halogenated anesthetic agents and succinylcholine 
are recognized as the principal pharmacologic triggering agents in MH-suscentible patients; however. since 
MH can develop in the absence of established triggering agents, the clinician should be prepared to recognize 
and treat MH in any patient scheduled for general anesthesia, Reports of MH have been rare in Gases in which 
Tracrium has been used. In studies of MH-susceptibie animals (swine) and in a clinical study of MH-susceptibie 
patients, Tracrium did not trigger this syndrome. Resistance to nondepolarizing neuromuscular blocking agents 
may develop in burn patients. Increased doses of nondepolarizing muscle relaxants may be required in burn 
patients and are dependent on the time elapsed since the burn injury and the size of the burn, The safety of 
Tracrium has not been established in patients with bronchial asthma. Long-Term Use in Intensive Care Unit 
(ICU): Tracrium has been used to facilitate mechanical ventilation in ICU patients. When there is a need for long- 
term mechanical ventilation, the benefits to risk ratio of neuromuscular blockade must be considered. There 
is only limited information on the efficacy and satety of Tracrium administered by long-term (days to weeks) in- 
travenous infusion to facilitate mechanical ventilation in intensive care facilities. For Tracrium, as with other 
neuromuscular blocking agents used in intensive care facilities, available evidence suggests that there is wide 
interpatient variability in dosage requirements and that these requirements may change with time. Limited data 
Suggest that Tracrium infusion requirements may increase with prolonged administration inthe ICU. As with 
other neuromuscular blocking agents, little information is available an the plasma levels or clinical consequences 
of atracurium metabolites following long-term (days to weeks) infusion of Tracrium in the intensive care unit set- 
ting. One metabolite of atracurium, laudanosine, when administered alone to laboratory animals. has been 
associated with cerebral excitatory effects. Physiological effects of taudanosine in humans have not been 
demonstrated. The effects of hemodialysis, hemoperfusion and hemofiltration on plasma levels of atracurium 
and its metabolites are unknown, Drug Interactions: Drugs which may enhance neuromuscular blocking ac- 
tion of Tracrium include: enflurane: isoflurane: hatothane; certain antibiotics, especially the aminoglycosides 
and palymyxins: lithium: magnesium salts; procainamide, and quinidine. 1f other muscle relaxants are used 
during the same procedure, the possibility of a synergistic or antagonist effect should be considered. The prior 
administration of succinyicholine does not enhance the duration, but quickens the onset and may increase the 
depth. of neuromuscular blockade induced by Tracrium. Tracrium should not be administered until a patient has 
recovered from succinyicholing-induced neuromuscular blockade, Carcinogenesis, Mutagenesis, Impairment 
of Fertility: A positive response was observed in the mouse lymphoma assay under conditions which killed over 
80% ct the treated cells, A far weaker response was observed in the presence of metabolic activation at concen- 
trations which also killed over 80% of the treated cells. Pregnancy: Teratogenic Effects: Pregnancy Category 
C. Tracrium has been shown to be potentially teratogenic in rabbits, when given in doses up to approximately 
one-half the human dose. There are nu adequate and well-controlled studies in pregnant women. Tracrium should 
be used during pregnancy only if the potential benefit justifies the potential risk tothe fetus. Labor and Delivery: 
itis not known whether muscle relaxants administered during vaginal detivery have immediate or delayed adverse 
effects on the fetus or increase the likelihood that resuscitation of the newborn will be necessary. The possibility 
that forceps delivery will be necessary may increase, _Tracrium (0.3 mg/kg) has been administered to 26 pregnant 
women during delivery by cesarean section. No harmful ettects were attributable to Tracrium in any of the newborn 
infants, although small amounts of Tracrium were shawn to cross the placental barrier. The possibility ot respiratory 
Gepression in the newborn infant should always be considered following cesarean section during which a 
neuromuscular blocking agent has been administered. in patients receiving magnesium sulfate, the reversat 
of neuromuscular blockade may be unsatistactory and Tracrium dose should be lowered as indicated. Nursing 
Mothers: It is not known whether this drug is excreted in human milk, Caution should be exercised when Tracrium 
is administered ta. a nursing woman. Pediatric Use: Safety and effectiveness in children below the age of 1 
month have not been established 


ADVERSE REACTIONS: Observed in Controlled Clinical Studies: Tracrium produced few adverse reactions during 
extensive Clinical trials. Most were suggestive of histamine release (see Precautions Section). The overall in- 
cidence rate for clinically important adverse reactions was 7/875 or 0.8%. Most adverse reactions were of 
little ciinicat significance untess they were associated with signiticant hemodynamic changes. Substantial vital 
sign changes greater than or equal to 30% observed in 530 patients, without cardiovascular disease, were as 
follows: in those patients given the recommended initial dosage range of 0.31 to 0.50 mg/kg of Tracrium, mean 
arterial pressure increased in 2.8% and decreased in 2.1% of patients while the heart rate increased in 2.8% 
of these patients. At doses of = 0.60 mg/kg, 14.3% of the studied patients had a decrease in mean arterial 
pressure while 4.8% had an increase in heart rate. At doses = 0.30 mg/kg, mean arterial pressure increased 
in 1.9% and decreased in 1.1% of patients. while heart rate increased in 1.5% and decreased in 0.8% of these 
patients. Observed in Clinical Practice: Based on clinical experience in the U.S. and the United Kingdom of 
approximately 3 million patients given Tracrium the following adverse reactions are among the most frequently 
reported: General; allergic reactions (anaphylactic or anaphylactoid) which, in rare instances, were severe (e.g. , 
cardiac arrest); Musculoskeletal: inadequate, prolonged block: Cardiovascular: hypotension, vasodilatation 
(Hushing), tachycardia, bradycardia; Respiratory: dyspnea. bronchospasm. laryngospasm: Integumentary: rash, 
urticaria. injection site reaction 

STORAGE: Tracrium injection should be refrigerated at 2° to 8°C (36° to 46°F} to preserve potency. DO NOT 
FREEZE. Upon removal from retrigeration to room temperature storage conditions (25°C /77 °F). use Tracrium 
injection within 14 days even if rerefrigerated 
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Focal Peripheral 
Neuropathies 


John D. Stewart, B.Sc., M.B., B.S., M.R.C.P., FR.C.P.(C), 


Associate Professor, Department of Neurology and 

Neurosurgery and Department of Medicine, McGill 

University; Director EMG Laboratory, The Montreal 
General Hospital, Montreal, Quebec 


lllustrated by Margo Siminovitch, B.Sc., A.A.M., 
Director of Educational Resources, The Montreal 
General Hospital, Montreal, Quebec 


*... Successfully fills a gap left by others in the field... tested the 
bock in the field. . . seldom did it fail to come up with a useful teaching 
or practice point... Neurologists, neurosurgeons, physiologists, 
and orthopedic surgeons should buy this book” — Neurology 


This 421 page. 24 chapter text is devoted to the study of lesions of the 
individual peripheral nerves. from the spinal nerve roots to the 
terminal digital branches. The text systematically discusses the 
causes. symptoms, and differential diagnoses of radiculopathies, 
plexopathies. and focal neuropathies involving individual peripheral 
nerve trunks and their more important branches. 
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If Youre Looking For The Best 
Anesthesiology Billing and Practice 


Management System, Weve Got 
Your Number 


I-800-2GET-NHS 


Call us today, and we'll send you a free 
information kit on the best computer system 
designed exclusively for anesthesiologists 
—The ULTRA Anesthesiology Billing 
and Practice Management System from 
Northern Health Systems. 

You'll receive all of the information you 
need to automate your growing practice. 

Information that will improve the efficien- 
cy of your office and speed your cash flow. 

You'll discover a feature-packed system 


that can give you instant patient informa- 
tion. Simplify your accounting. Process your 
claims electronically. Produce customized 
reports. And much, much more. 

Call us toll-free at 1-800-2GET-NHS for 
your free information kit. It’s the only 
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How to talk about drug abuse 


inthe presurgical interview 


7 


ASK your patients if they use illegal drugs. Explain 
the possible effects of interactions with OR medications, 
and the long-term health risks of drug abuse. 





LOOK for signs of drug abuse: avoidance of eye 
contact, increased motor activity, compulsive behavior, 
extreme nervousness, or dilation of the pupils. 


LISTEN closely for answers such as “Well, | do 
drugs sometimes.” 


JUDGE NOT. Be candid and forthright, and not 


condescending, and you will encourage your patients 
to be honest. 


PARTNERSHIP FOR A DRUG-FREE AMERICA 


_Blador i 


Dui gol tartrate) 


O 


— ——————_— "i 





StadolI® (butorphanol tartrate) 
For complete information consult official package circular. 


INDICATIONS AND USAGE 

Stactol is recommended for the mlief of modata to severe pain. Stadol can also be used for preoperative 
OF preanesthatic mediostion, as a supplement to balanced anesthesia, and for the relief of prepartum 
pein. 


CONTRAINDICATIONS 
Stadol should not be administered to patiente who have been shown to be hypersensitive to it. 


Patients Physically Dependent on 

Boose off antagonist proper, Sadol nt recominndad fr paints physically dopandent 
on narcotics, Detoxification in such patients le required prior to use. 

Due to the difficulty in assessing addiction in patients who have recently received substantial amounts 

of narvoddo medication, caution should be used in the administration of Stadol. Detoetfication of such 

patients prior to usage should be carefully considered. 


During Balanced Anesthesia 
Sinos the combined reapiretory depressant affect of all intravenous medication weed during conduct 
should be administered 


during 
and adjuncts, the matutonanoy of © patent airway and management of respiratory effects of all 
intravenous medication administered. 


An opioid antagonist, resuscitative and intubation equipment and oxygen should be readily 
available, 7 


in anticipation of pein mther than for the relief of pain. 

Heed Injury and Increased Intracranial Pressure 

Although there ia no clinjoal experience in patients with head mjury, it can be assumed that Stadol, 
Hke other potent anakyosios, elevates cerebrospinal fluid pressure. Therefore the use of Stadol in ones 
of head injury can produce effects (a.g., miosis) which may obscure the clinical course of patients 
with hoad injuries. In such patients Stadel must be used with extreme caution and only H its use 
is deemed sssential 

Cardiowascular Effects 

Bers uee, Manol saereesen ho Work of the, buat (pepecially toe Pulonia Suoulh (ees, Cilaja] 


Pharmacology), the use of this drug in acute myocardial infarction or in cardinc patients with 
ventricaler dysfunctian or coronary insufficiency should be Limited to thoee who are hr 

to morphine sulfate ar meperidine. 

PRECAUTIONS 

Certain Respiratory 


Conditions 
Because Stadol causes some mepimtory depression, it should be administered only with caution 
and low dosage to patients with respiratory depression (e.g., from other medication, uremia, or severe 
ee oe ee ee respiratory conditions, 
or 


Impatred Renal or Hepatic Fonction 
Although laboratory teats have not indicated that Stado! causes or increases renal or hepatic 


disease may predispose 
clinical dosa, poesibly the result of decreased of the drug by the liver. 
Bilary Surgery 
Cthnical studies have not been done to establish the safety of Stado! administration to patients about 
to undergo surgery of the biliary tract. 
Usage as a Pre-operative or Pre-aneethetk: Medication 
Slight increases in systolic blood pressure may occur, therefore caution should be employed when 
Stadol is used in the hypertensive patient. 


in Pregnancy 
The safety of Stadol for use in pregnancy prior to the labor period has not been established; therefore, 
this drug should be used in pregnant patients only when in the judgment of the phyxician its use 
is doomed essential to the welfare of the patient. 
Reproctuction studies have been performed in rate, mice, and rabbits and have rewealed no evidence 
of impaired fertility or harm to the fetus due to Stadol at about 2.5 to 5 times the human does. 
Usage tn Labor and Delivery 
In general, the safety to the mother and fetus following the administration of Stadol during labor 
has been established, however, there cistrossia: 


experienced 
Stadal should be used with caution in women delivering premature infante. 
Usage in Nursing Mothe 
The use of Stadol in lactating mothers who are nursing their infants is not recommended, since it 
is not known whether this drug ts excreted in milk. Stadol has been used safely for labor pain in 
mothers who subsequently nursed thetr infants. 
Usage tn Children 
Bafety and efficacy in chikdren below age 18 years have not been established at present. 
ADVERSE REACTIONS 
The moat frequent adversa reactions in 1250 patients treated with Stadol are: sedation (503, 40%), 
nausea (82, a yeennns Ue: 6%). 

Less fraquent reactions are; headaches (35, 3%), vartigo (33, 3%), floating feeling (33, 3%), dizziness 
(23, 2%), lethargy (19, 2%), confusion (16, 1%}, lightheadedness (12, 1%). 
Other adverse reactions may occur {reported incidence of less than 1%) are: 
CNB: nervousnesa, unusual dreams, agitation, euphoria, hallucinations, seizures 
Autonomno: flushing and warmth, dry mouth, sensitivity to cold 
Cardiovascular: palpitation, increase or decrease of blood pressure 
Gastrointestinal: Vooulting 
Respiratory: slowing of reeplmtion, shallow breething, apnee 
Dermatological: rash oc hives 
Eye: diplopia or blurred viaton 


OVERDOSAGE 


aE tees hi bano Dild overdosage with Stadol during clinical trials, this may 
occur due to accidental or intentional misuse os well as therapeutic use. Based on the pharmacology 
Ot radal ovenlosaga Could! prodüca sodig degres of reepieataty. Supression end variable cardiovascular 

and central nervous system affects. 


The immediate treatment of suspected Stadol overdosage is intravenous naloxone. The respiratory 
and cardiac status of the patient should be evaluated constantly and appropriate supportive measures 
instituted, such as oxygen, intravenous fluids, veopreescrs and assisted or controlled respiration. 
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i WS. Columbia 
O yf University 


DIRECTOR 


Department of 
Anesthesiology 


Harlem Hospital Center, a 672-bed, full service, acute care 
hospital and a major teaching affiliate of the Columbia 
University College of Physicians and Surgeons, seeks a full 
time Director for the Dept. of Anesthesiology. The Dept. 
serves an active Operating Theater and related support 
functions, and provides training for our accredited school for 
Certified Nurse Anesthetists. 

_ Candidates should have expertise and board certification 
in Clinical Anesthesiology, must qualify for senior aca- 
demic appointment at the Professor/Associate Professor 
level, and must have established teaching and administra- 
tive abilities. 

A competitive salary commensurate with qualifications 
and excellent benefits are provided. Please address corre- 
spondence to: Sterling B. Williams, MD, Chairman, Anes- 
thesiology Search Committee, Harlem Hospital Center, 
MLK Pavilion Room 4139, 506 Lenox Avenue, New York, 
NY 10037. Columbia University takes affirmative action to 
ensure equal opportunity. 
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A Member of N YC 
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NEW OFFICE ADDRESS 
Effective October 1, 1990, the Interna- 
tional Anesthesia Research Society 
headquarters office in Cleveland 
moved to the following new address: 


International Anesthesia 
Research Society 

Suite 140, 2 Summit Park Drive 
Cleveland, Ohio 44131-2553 


NEW TELEPHONE NUMBER: 
(216) 642-1124 


All membership payments and corre- 
spondence regarding IARS member 
subscriptions, annual scientific meet- 
ing matters, the B.B. Sankey Anesthe- 
sia Advancement Award, etc., should 
be sent to the above address. 





- Pediatric 
f Anesthesiologist 


Pediatric Anesthesiologist needed for growing de- 

artment in a pediatric referral center in Boston. 
Bp rtunity to partici ate in medical student and 
resident education. Interest in clinical research 
desirable. 


Franciscan Children's Hospital conducts programs 
providing acute care and rehabilitation services in- 
cluding an inpatient Pediatric Ventilator Dependent 
program. The National Birth Defects Center is affili- 
ated with and located at the Hospital. 


Interested gli should send CV to: Joseph J. 
Frassica, M.D., Director, Department of Anesthesia, 
Franciscan Children's Hospital and Rehabilitation 
Center, 30 Warren Street, Boston, MA 02135-3680. 


An equal opportunity employer. 
b 


FRANCISCANI HILDREN’S 
H-o-s-PU-T-AL 





ANESTHESIOLOGY 


Board Certified/Eligible Anesthesiologist needed 
as Associate in Section of Anesthesia of 215 
member multi-specialty clinic which serves as a 
referral center for surrounding areas of North- 
eastern Pennsylvania and the Southern Tier of 
New York State. 


State-of-the-art facility. Medical school teaching 
affiliation through surgical residency program 
provides a stimulating environment. Tertiary 
Care Center performing 10,000 anesthetic pro- 
cedures per year. Most types of surgery per- 
formed with emphasis on cardiovascular and 
neurosurgery. 


Area provides attractive living conditions and 
many summer and winter recreational activities 
readily available. Easy access to major metropol- 
itan areas. Excellent salary and fringe benefits. 
Respond with curriculum vitae to: 


Guthrie Clinic 
Sayre, PA 18840 
(717) 888-5858 


ATTN: G. V. Ippolito 
Vice President 





The Osler Institute 


Anesthesiology Boards Review Course 
‘April 15-20, 1991 — San Diego 
July 6-11, 1991 — Chicago ‘Sept. 30-Oct. 5, 1991 —- Tampa 
Now offering 360 hours of mock oral exams limited to 90 participants 
Co-sponsored by the University of Washington 


OBJECTIVES METHODS 

After this program attendees should: @ HOME STUDY MATERIALS consisting of a syllabus and as- 
e Have improved basic and clinical anesthesia knowledge signments with questions and answers 

© Be better organized for further study of anesthesiology @ SEMINAR with projection slides and syllabus 

è Be prepared to take written and oral exams e PRACTICE EXAMS with oral and written parts 





"The faculty was outstanding. The most pleasant thing was learning a tremendous amount, 
not only from world-famous authorities but from people who are relatively unknown as well.”* 


PHYSIOLOGY REGIONAL ANESTHESIA John Drummond, M.D. 
Respiratory Physiology Local Anesthetics U. of California, San Diego 
Cardiovascular Physiology Autonomic Blocks Richard Engel, M.D. 
Neurophysiology Spinal and Epidural Blocks Escondido, California 
Hepatic Physiology Caudal Blocks Christopher Gallagher, M.D. 
Renal Physiology Upper Extremity Blocks Anes, Services, San Diego 
Acid-Base and Blood Gas Lower Extremity Blocks Richard Hanberry, M.D. 
Endocrine Physiology Chronic Pain Management Lawrenceville, Georgia 
Thermoregulation SPECIALTY AREAS Carl Hess, M.D. 

PHARMACOLOGY Obstetric Anesthesia Univ. of California, Irvine 
Pharmacokinetics Pediatric Anesthesia Niels Jensen, M.D. 
Inhalation Anesthetics Cardiac Anesthesia University of Iowa 
Intravenous Anesthetics Thoracic Anesthesia David Lubarsky, M.D. 
Muscle Relaxants Neuroanesthesia Duke University 
Autonomic Drugs Ophthalmic & E.N.T. Eisai aN pact 
Central Nervous Drugs Geriatric and Outpatients mversity-ot wasnington 
Cardiac & Diuretic Drugs Critical Care Danae Powers, M.D. 
Interactions & Genetics Emory nipae 

PHYSICAL SCIENCES FACULTY E A 
Applied Anatomy Ezzat Abouleish, M.D. David Rothenberg, M.D. 
Physics and Gas Laws U. of TX Med. Sch., Houston Rush Medical School 
Anesthesia Machines Jonathan Benumof, M.D. Amira Safwat, M.D. 
Instrumentation U. of California, San Diego University of Califomia, Davis 


Monitors and Ventilators T. A. Bowdle, M.D., Ph.D. Daniel Siker, M.D. 


Breathing Systems University of Washington Medical College of Wisconsin 
Defibrillators and Pacers Floyd Brauer, M.D. Kelly Smith, M.D. 
FUNDAMENTALS Loma Linda University University of Utah 

Preop. Evaluation & Prep. Stan Brauer, M.D. Horace Spiess, M.D. 

Patient Monitoring Loma Linda University University of Washington 
Airway Management Burton Briggs, M.D. Ngoc-Hai Truong, M.D. 
Fluid and Blood Therapy Loma Linda University Fountain Valley, California 
Cardiopulmonary Disease Daniel Cole, M.D. John Viljoen, M.D. 

Hepatic & Renal Disease Loma Linda University Univ. of Southern California 
Metabolic Disease Hernando DeSoto, M.D. K.C. Wong, M.D. 

Recovery Room Riverside Hosp., Jacksonville University of Utah 


FORO EE THM OCEAN RETO H TTR SEER TEESE RHR ESSERNEKHER EERE 


Limited Enrollment: ANESTHESIOLOGY REVIEW COURSE REGISTRATION 
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i Name ! 
l Address i 
$ City/State/Zip : 
Phone : 
. For: [C] April 15-20, 1991-San Diego £ 
: Mail today to: [C] July 6-11, 1991 — Chicago : 
$ 1094 Dawn Lane, Dept. 14A T Sept. 30-Oct. 5, 1991 -Tampa į 
: P.O. Box 2218 [C] Check enclosed for $ : 
: Terre Haute, IN 47802 [_] Please send more information d 












"I feel [the course] helped me pass...."* 
PROGRAM: This course is designed to 
prepare you for your board exams. Upon 
registration we will send you our home 
study material. At the course, one-on-one 
mock oral exams are held concurrent with 
most lectures. Each participant is assured a 
mock oral exam and observation of all non- 
private exams. You may reserve mock oral 
sessions at any course and optional extra 
days of mock oral exams — April 21-23. 
Past participants recommend repeating the 
course for half price just before your exams. 
"Accommodations were comfortable..." 
LOCATION: The April course will be at 
the San Diego Princess Resort in Mission 
Bay, 1404 West Vacation Road, San Diego, 
California. 
"dhe most education for the money.’* 
FEES AND CATEGO Y1CME. 
® 6 day lectures and moc: orals: $660 
Residents and Fellows fee: $440 
Repeating course within 3 years: $330 
® Mock oral observation only (6 day): $400 


Per day mock oral observation: $ 70 
e Single examiner mock oral exam: $ 70 
+ Dual examiner mock oral exam: $140 
© Surcharge for private exam: $ 30 
© Surcharge for videotaped exam: $ 10 
e Previous course syllabus: 


60 

è Attendees not in course hotel add $20/day. 

A deposit of $50 will reserve your position. 

e Most home study materials will be mailed 
after half of the registration fee is received. 

e Subject to a $50 fee, refunds will be made 
up until the seminar begins. 

è The University of Washington School of 

Medicine is accredited by the Accreditation 
Council for Continuing Medical Education 
(ACCME) to sponsor continuing medical 
education for physicians. 
The University of Washington School of 
Medicine designates this Continuing Medi- 
cal Education activity for up to 90 credit 
hours in Category 1 of the Physician's 
Recognition Award of the American Medi- 
cal Association. 


”. home study material was extremely helpful.'* 
INFORMATION: 


1094 Dawn Lane, P.O. Box 2218 
Terre Haute, IN 47802 
(812) 299-5658 or 


(800) 356-7537 


* Comments by past Osler participants 
$ Plus optional extra days Apr. 21-23 & Oct. 6-8. 


“I was immediately impressed with the breadth of topics covered... 
in order fo evaluate the book as a reference text, | pul it into service in our Drug 
information Center for one month. We found answers fo around 85 percent of our 
questions; those not found were candidates for searches of fhe primary literature, 
not a general reference work” 

— DICP The Annals of Pharmacotherapy 


PHARMACOTHERAPY 
A Pathophysiologic Approach 





Edited by: Send orders to: 

Joseph T. DiPiro, PharmD, University of Georgia in North America: — 

Robert L. Talbert, PharmD, University of Texas read aL Publishing Co., Inc. 

Peggy E. Hayes, PharmD, Virginia Commonwealth University oe 
seen i Box 882, Madison Square Station 

Gary C. Yee, PharmD, University of Florida New York, NY 101 ae 


L. Michael Posey, PAS Pharmacy/Association Services intharestofihe wond: 


By stressing the underlying pathophysiology, this outstanding reference is one of the most Elsevier Science Publishers 
comprehensive texts available on pharmacotherapeutics — and an invaluable reference for Direct Mail Department 
the practicing physician. This superb text will be a key aid in choosing the best drug therapy ae - 1 haces 


for your patients, You'll have at your fingertips the expertise of over 150 highly regarded 
clinical pharmacists, helping you fo understand the best strategies in rational drug therapy 
for ali the major disease states. 


“The listing of authors reads like a ‘Who's Who’ in clinical pharmacy” For faster service, phone 
— DICP The Annals of Pharmacotherapy (212) 633-3650 or 


This extensive volume of 1,730 pages includes in-depth sections on the pharmacological FAX (212) 633-3880. 
treatment of cardiovascular, respiratory, gastrointestinal, renal, neurologic, psychiatric, 

oncologic, and nutritional disorders. There is also an excellent section on infectious Note: Price subject to 
diseases, providing much needed information in this crifical area. In addition, the book has change without notice 
specific chapters devoted to important adverse drug effects. 


1989 1,730pages cloth 0-444-01323-7 $89.50 (Dfl. 171.00 outside North America) ELSEVIER 2/90 X4AJ 


The Netherlands 











An important new resource in epidemiology 


“ 
we ANNALS OF 


AS 
Pr oe Sa IEE 2 
Octo F ANAS Œ 

Co-Editors-in-Chief: Charles H. Hennekens, MD, and The primary focus of all articles is 
Julie E. Buring, DSc, Brigham & Women’s Hospital, on new developments concerning 
Harvard Medical School, Boston, MA, USA issues OF Major importance in 

` clinical medicine and public 
Annals of Epidemiology is a new international journal publishing health, 
reports of original research in the epidemiology of chronic and acute Don't miss a single issue! Sub- 
diseases for clinicians as well as public health researchers. T he scribe to this invaluable resource 
journal covers research on the distribution and determinants of the today. 


EGE 
OF EMIDEMIOLOGY 


current leading causes of morbidity and mortality in borh developed 


À . Subscription Information 
and developing countries, including: 


Volume 1, 1990-9] (6 issues in one volume) 








+ coronary heart disease @ stroke + ISSN 1047-2729 Institutional Rate: $125.00 + Individual Rare: $85.00 
® cancer e® AIDS e Subscribers outside the US., please add $26.00 for postage & handling. 
®@ infectious diseases @ alcoholism & drag addiction ‘Individual subscriptions must be paid by personal check or charge card. 
eh fects e diseases of act Se ae . Reker cee x 

birth defects diseases ot aging Return subscription orders to: Elsevier Science Publishing Co., Ine. t Attn: 


e injuries @ respiratory diseases S, Roberts BO. Box 882, Madison Square Station * New York, NY 10159 

Sponsored by the American College of Epidemiology Annals of 
Epidemiology is headed by an international editorial board bringing 
you the newest advances from around the world. Annals of 
Epidemiology teatures: 


Send sample copy requests tor In North Ameria * Elsevier Science Publishing Co. Inc. + 

Ante Journa: Information Center? PO, Box 882, Madisun Suare Statin e Now York, 
Sy p059 

Ke 





North Amenca+ Elsevier Science Publishers «PO. Box JH e 1AA AE, 
dam e The Netherlands 








è original reports describing the results of new epidemiologic research 





è review articles s arizing the current status of knowledge in ; Tr fue e E 
ete: article oe a HR n S E bli k n ; | P For Faster Service, call or fax today to place your order: | 
important areas of epidemiology, either established or developing 2 ; i | 

iia 2 AA j | Telephone #: (212) 633-3950 Fax #: (212) 633-3880 | 

@ specially selected proceedings from various international symposia s ena Bez 





i i 
calendar vear and are entered 









In addition to these articles, Annals of Epidemiology is packed ' 
upon receipt of paymenr, Subsenphnon rates volal 


with pertinent information in the form of brief reports, merh- 
odologic issues involved in conducting epidemiologie research, 


editorials, and letters to the editor. ELSEVIER ae X7Al BISRCOBA 


wtih December 41, i841. Please 


allow 6-8 weeks tor delivery of che first sue 


_ For surgical procedures 
90 minutes or longer... 





Long-acting muscle relaxation without vagolytic effects’ 


e Does not cause elevation of heart rate or blood pressure? 
e Recommended when cardiovascular stability is desired? 


e A useful alternative to pancuronium in patients where 
tachycardia is best avoided 


e Provides good to excellent intubating conditions 
within 2.5 to 3.0 minutes. 


See following page for brief summary of prescribing information. 


ORGANON INC. 
Organon WEST ORANGE 
NEW JERSEY 07052 
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ARDUAN 


ploecuronium bromide 


for injection 





Before prescribing, please consult complete product information, a sum- 
mary of which follows: 


THIS DRUG SHOULD BE ADMINISTERED BY ADEQUATELY TRAINED 
INDIVIDUALS FAMILIAR WITH ITS ACTIONS, CHARACTERISTICS, AND 
HAZARDS. 











CONTRAINDICATIONS: None known. 
WARNINGS: ARDUAN® (PIPECURONIUM BROMIDE} FOR INJECTION SHOULD BE 
ADMINISTERED IN CAREFULLY ADJUSTED DOSAGE BY OR UNDER THE SUPERVISION OF 
EXPERIENCED CLINICIANS WHO ARE FAMILIAR WITH THE DRUG’S ACTIONS AND THE 
POSSIBLE COMPLICATIONS OF ITS USE. THE DRUG SHOULD NOT BE ADMINISTERED 
UNLESS FACILITIES FOR INTUBATION, ARTIFICIAL RESPIRATION, OXYGEN THERAPY, AND 
AN ANTAGONIST ARE WITHIN IMMEDIATE REACH. IT IS RECOMMENDED THAT CUNI- 
CIANS ADMINISTERING LONG-ACTING NEUROMUSCULAR BLOCKING AGENTS SUCH 
AS ARDUAN® EMPLOY A PERIPHERAL NERVE STIMULATOR TO MONITOR DRUG 
RESPONSE, NEED FOR ADDITIONAL RELAXANT, AND ADEQUACY OF SPONTANEOUS 
RECOVERY OR ANTAGONISM. In patients with myasthenia gravis or myasthenic (Eaton- 
Lambert} syndrome, small doses of non-depolarizing neuromuscular blocking agents may 
have profound effects. Shorter-acting muscle relaxants than ARDUAN® may be more 
suitable for these patients. 
PRECAUTIONS: General: Since ARDUAN® has little or no effect on the heart rate, the 
drug will not counteract the bradycardia produced by many opioid anesthetic agents or 
vagal stimulation. Consequently, bradycardia during anesthesia may be more common with 
ARDUAN® than when a muscle relaxant (such as pancuronium) which exerts vagolytic action 
is employed. 
Renal Failure: ARDUAN® in the dose of 70 pg/kg actual body weight (ABW}, has been 
studied in a limited number of patients {n= 20) undergoing renal transplant surgery recently 
dialyzed in preparation for cadaver renal transplant. The mean clinical duration {injection to 
28% recovery} of 103 minutes was not judged prolonged; however, there was wide individual 
variation (30 to 267 minutes). ARDUAN® has not otherwise been studied in patients with 
renal failure [for elective or emergency non-renal surgery). Because it is primarily excreted by 
the kidney, and because some shorter-acting drugs (vecuronium and atracurium} have a 
more predictable duration of action in patients with renal dysfunction, ARDUAN® should be 
used with extra caution in patients with renal failure. 
Increased Volume of Distribution: Conditions associated with an increased volume 
of distribution, eg, slower circulation time in cordiovascular disease, old age, or edematous 
states, may be associated with o delay in onset time. Because higher doses of ARDUAN® 
may produce a longer duration of action, the initial dose should not usually be increased in 
thase patients to enhance onset time; instead, more time should be allowed for the drug to 
achieve maximum effect. 
Hepatic Disease: There ore no data on dosage requirements, onset, duration, or phar- 
macokinetics in patients with moderate or severe hepatic dysfunction and/or biliary obstruc- 
tion. This should be considered in selection of muscle relaxants for use in these patients. 
Obesity: The most common patient condition associated with prolonged clinical duration 
was obesity, defined as 30% or more over ideal body weight (IBW). Clinical study subjects 
ware dosed on the basis of actual body weight, which may have contributed to the higher 
incidence of prolonged duration. It is therefore recommended that dosage be bosed upon 
ideal body weight for height in obese patients. 
Malignant Hyperthermia (MH): Human malignant hyperthermia has not been 
reported with the administration of AROUAN®: Because ARDUAN is never used alone and 
because the occurrence of malignant hyperthermia during anesthesia is possible even in the 
absence of known triggering agents, clinicians should be familiar with early signs, confirmo- 
tory diagnosis, and treatment of malignant hyperthermia prior to the start of any anesthetic 
In an animal study in MH-susceptible swine (n=7}, the administration of ARDUAN® was not 
associated with the development of malignant hyperthermia. 
Central Nervous System: ARDUAN® has no known effect on consciousness, the pain 
threshold, or cerebration. Therefore, administration must be accompanied by adequate 
anesthesia. 
Drug Interactions: ARDUAN® can be administered following recovery from succinylcho- 
line when the latter is used to facilitate endotracheal intubation. 

The use of ARDUAN* before succinylcholine, in order to attenuate some of the side effects 
of succinyicholine, is not recommended because it has not been studied. 

There are no clinical data on concomitant use of ARDUAN® and other non-depolarizing 
neuromuscular blocking agents. 
inhalational Anesthetics: Use of voiatile inhalation anesthetics has been shown to 
enhance the activity of other neuromuscular blocking agents on the order of enflurane > 
isoflurane > halothane. No definite interaction between ARDUAN® and halothane, as used 
clinically, has been demonstrated. Use of isoflurane in one study of 25 patients resulted in an 
increase in mean clinical duration by 12%. In another study of 25 patients first anesthetized 
with enflurane for 5 minutes or more, the mean clinical duration was increased by 50%. 
Therefore, a prolonged clinical duration following initial or maintenance doses and pro- 
longed recovery from neuromuscular blocking effect of ARDUAN® should generally be antic- 
ipoted with enflurane > isoflurane > halothane. 
Antibiotics: Parenteral/intraperitoneal administration of high doses of certain antibiotics 
may intensify or produce neuromuscular block on their own. The following antibiotics have 
been associated with various degrees of paralysis: aminoglycosides (such as neomycin, 
streptomycin, kanamycin, gentamicin, and dihydrostreptomycin); tetracyclines; bacitracin; 
polymyxin B; colistin; and sodium colistimethate 
Other: Experience concerning injection of quinidine during recovery trom use of other mus- 
cle relaxonts suggests that recurrent paralysis may occur. This possibility must also be con- 
sidered for ARDUAN® ARDUAN -induced neuromuscular blockade has been counteracted 
by alkalosis and enhanced by acidosis in experimental animals (cat). In addition, experience 
with other drugs has suggested that acute leg, diarrhea} or chronic (eg, adrenocortical 
insufficiency) electrolyte imbalance may alter neuromuscular blockade. Since electrolyte 
imbalance and acid-base imbalance are usually mixed, either enhancement or inhibition 
may occur. Magnesium salts, administered for the management of toxemia of pregnancy, 
may enhance neuromuscular blockade 


Drug/Laboratory Test interactions: None known. 

Carcinogenesis, Mutagenesis, Impairment of Fertility: Studies in animals have 
not been performed to evaluate carcinogenic potential or impairment of fertility. Mutagenicity 
studies (Ames test, Sister Chromatid Exchange] conducted with ARDUAN® revealed no 
mutagenic potential. 

Pregnancy Category C: A teratogenicity study has been conducted in rats using intra- 
venously administered doses of ARDUAN® approximating the clinical dose in humans (50 
pg/kg). No teratogenic effects were observed in this study. An embryotoxic effect (secondary 
to maternal toxicity} was observed at the highest dose administered (50 g/kg | os demon- 
strated by an wncrease in earlier fetal resorptions. There are no adequate and well-controlled 
studies in pregnant women. ARDUAN® should be used during pregnancy only if the potential 
benefit justifies the potential risk to the fetus. 

Use in Obstetrics (cesarean section): There are insufficient data on placental transfer 
of ARDUAN® ond possible related effect(s} upon the neonate following cesarean section 
delivery. In addition, the duration of action of ARDUAN® exceeds the duration of operative 
obstetrics (cesarean section}. Therefore, ARDUAN? is not recommended for use in patients 
undergoing C-section 

Pediatric Use: infants (3 months to | year) under balanced anesthesia (2 studies in 52 
infants), or helothane anesthesia {1 study in 29 infants}, manifest similar dose response to 
ARDUAN® as do adults on a pg/kg ABW basis. Children (1 to 14 years} under balanced 
anesthesia (4 studies in 57 children), or halothane anesthesia (2 studies in 29 children}, may 
be less sensitive than adults. These conclusions come from studies involving titrating patient 
response by the incremental method to approximately 1,2 times ED,s, There are no data on 
either onset time or clinical duration of larger doses in infants or children. There are no data 
on maintenance dosing in infants and children. Pharmacokinetic studies in infants and chil- 
dren have not been performed; therefore no pharmacokinetic modeling of incremental dos- 
ing can be attempted. The use of ARDUAN® in neonates and infants below 3 months of age 
has not been investigated. Antagonism has not been systematically studied in infants or chil- 
dren. However, usual clinical doses of neostigmine administered following significant levels 
of spontaneous recovery {recovery of T, to more than 50% of control} produced complete 
antagonism of residual neuromuscular block in less than 10 minutes in the majority of cases. 
ADVERSE REACTIONS: The most frequent side effect of non-depolarizing blocking 
agerts as a class is an extension of the drug’s pharmacological action beyond the time 
period needed for surgery and anesthesia. Clinical signs may vary from skeletal muscle 
weakness to profound and prolonged skeletal muscle paralysis resulting in respiratory insuffi- 
ciency or apnea. This may be due to the drug's effect or inadequate antagonism. 

The following listings are based upon U.S. clinical studies involving nearly 600 patients uti- 
lizing a variety of premedications, varying lengths of surgical procedures, and various anes- 
thetic agents 

Adverse experiences in greater than 1% of cases and judged by the investigator to have a 
possible causal relationship: clinically significant hypotension (2.5% of cases); clinically sig- 
nificant bradycardia (1.4% of cases}. 

Adverse experiences in less than 1% of cases and judged by the investigator to have a 
possible causal relationship: 

Cardiovascular: hypertension, myocardial ischemia, cerebrovascular accident, thrombo- 
sis, atrial fibrillation, ventricular extrasystole. 

Metabolic and Nutritional: increased creatinine, hypoglycemia, hyperkalemia, 
Musculoskeletal: muscle atrophy, difficult intubation. 

Nervous: hypesthesic, CNS depression. 

Respiratory: dyspnea, respiratory depression, laryngismus, atelectasis. 

Skin and Appendages: cash, urticaria. 

Urogenital System: anuria. 

HOW SUPPLIED: 10 ml vials containing 10 mg lyophilized pipecuronium bromide, Boxes 
of é INDC 0052-0446-36} 10 mL vials containing 10 mg lyophilized pipecuronium bromide 
and 10 mi vials containing bacteriostatic water for injection, USP, Boxes of 6 (NDC 0052- 
0446-37) 

Storage: 2°-30°C (36°-86°F}. Protect from light. 

After Reconstitution: When reconstituted with bacteriostatic water for injection, USP: 
CONTAINS BENZYL ALCOHOL, WHICH IS NOT INTENDED FOR USE IN NEWBORNS. 
Use within 5 days. May be stored at room temperature or refrigerated. 

When reconstituted with sterile water for injection or other compatible IV solutions: Refrig- 
erate vial. Use within 24 hours. Single use only. Discard unused portion 
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Potentiation of Atracurium Neuromuscular Blockade by Enflurane: 


Time-Course of Effect 


Davinia E. Withington, MB, FFARCS, François Donati, PhD, MD, FRCPC, 
David R. Bevan, MB, MRCP, FFARCS, and France Varin, PhD 











WITHINGTON DE; DONATI F, BEVAN DR, VARIN F. 
Potentiation of atracurium neuromuscular blockade by 
enflurane: time-course of effect. Anesth Analg 1991;72: 
469-73. 


This study ums designed to determine the time required for 
potentiation of atracurium neuromuscular blockade after the 
introduction of enflurane. Ten ASA physical status I and II 
adults anesthetized with thiopental, nitrous oxide, and 
alfentanil were given 0.4 mg/kg atracurium besylate. The 
force of contraction of the adductor pollicis muscle in 
response to train-of-four stimulation of the ulnar nerve was 
recorded. When the first twitch (T1) of the train-of-four 
recovered to 10% of control, an atracurium infusion was 
started and adjusted to keep the level of blockade constant. 
After 15 min of stable blockade, 1.6%-1.7% end-tidal 
enflurane was started and maintained for up to 2 h. Venous 


Inhalation anesthetics potentiate neuromuscular 
blockade produced by d-tubocurarine arid pancuro- 
-nium (1-5). In this respect, enflurane appears to be 
more potent than halothane and at least as potent as 
isoflurane (5). The potency of the newer neuromus- 
‘cular blocking agents atracurium and vecuronium is 
also altered by enflurane, but the degree of potenti- 
ation seems to be less than that for pancuronium and 
d-tubocurarine (6,7). In one report, maximum atracu- 
rium blockade was not affected by the presence of 
enflurane (8). 

The mechanism of action of the potentiating effect 
of inhalation anesthetics on neuromuscular relaxants 
is uncertain. A large portion of this interaction must 
take place at the neuromuscular junction because this 
phenomenon can be demonstrated in vitro (9,10). 
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blood samples were drawn and plasma atracurium concen- 
trations were measured 15 min before and 0, 5, 10, 15, 30, 
45, 60, 90, and 120 min after the introduction of enflurane. 
Atracurium plasma concentrations were 730 + 127 (SEM) 
ng/mL at time 0, During the first 30 min, no significant 
decrease in plasma levels occurred; but at 45 min, concen- 
trations were only 67% + 8% of their initial value (P < 
0.01) and 48% + 2% at 120 min (P < 0.01). This suggests 
that the interaction between enflurane and atracurium is 
time-dependent. Clinically, the interaction between atracu- 
rium and enflurane is negligible during procedures of less 
than 45 min. 


Key Words: ANESTHETICS, vo_atr.e—enflurane. 
INTERACTIONS, pruc-—atracurium, enflurane. 
NEUROMUSCULAR RELAXANTS, ATRACURIUM. 


This implies that the full effect might not develop 
until the inhalation anesthetic has equilibrated with 
muscle tissue, which may take 1-2 h after stable 
end-tidal concentrations have been achieved (11,12). 
However, the in vitro studies (9,10) do not rule out a 
central component, the time-course of which could be 
more rapid. 

The purpose of this study was to determine the 
time-course of the interaction between inhalation 
anesthetics and nondepolarizing neuromuscular 
blocking drugs. The infusion rate of a neuromuscular 
blocking drug was adjusted to maintain a predeter- 
mined degree of blockade, both before and after the 
introduction of the inhalation agent. This allowed 
each patient to serve as his or her own control. 
Plasma concentrations of the neuromuscular blocking 
drug were measured, and potentiation was defined 
as a decrease in plasma concentration corresponding 
to the same degree of blockade. Enflurane was cho- 
sen because of its profound potentiating effect on 
neuromuscular blockade. Atracurium was used as 
the neuromuscular blocking agent because its rapid 
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elimination makes it flexible when administered as an 
infusion. 


Methods 


The protocol was approved by the Hospital Ethics 
Committee. After written informed consent had been 
obtained, 10 ASA physical status I or II adults, 18- 
75 yr old, scheduled for surgery of anticipated dura- 
tion greater than 2.5 h, were studied. Patients with 
cardiac, pulmonary, hepatic, renal, or neuromuscular 
disease were excluded. Other exclusion criteria in- 
cluded abnormal serum electrolyte levels, hypovole- 
mia, anemia, airway abnormality, a history of multi- 
ple allergies, and the concurrent administration of 
drugs interfering with neuromuscular function. 

The patients were premedicated according to the 
choice of the anesthetist. In the operating room, 
electrocardiographic, pulse oximetry, and noninva- 
sive blood pressure monitors were applied. Anesthe- 
sia was induced with 15-30 yg/kg alfentanil and 3- 
5 mg/kg thiopental. The patients’ lungs were then 
ventilated, using a face mask, with 70% nitrous oxide 
in oxygen. Stimulating electrodes were placed over 
the ulnar nerve at the elbow. The arm and forearm 
were immobilized in a splint, and the force of con- 
traction of the adductor pollicis muscle was recorded 
with a Grass FT-10 transducer. An intravenous can- 
nula dedicated to blood sampling was inserted into 
the ipsilateral antecubital vein. Supramaximal train- 
of-four stimulation (2 Hz for 2 s) was delivered and 
repeated every 12 s. After a stable baseline was 
established (5-10 min), 0.4 mg/kg atracurium was 
given intravenously. Tracheal intubation was per- 
formed when 100% blockade was attained and me- 
chanical ventilation was instituted. End-tidal carbon 
dioxide was monitored with a mass spectrometer 
(SARA), and ventilation was adjusted to keep it 
within the range of 30-35 mm Hg. Anesthesia was 
maintained with 70% nitrous oxide and intermittent 
doses of 10-20 pg/kg alfentanil as required. Core 
temperature was maintained above 35°C. 

When the first twitch height (T1) had recovered 
to 10% of baseline, an atracurium infusion (0.05%; 
50 mg in 100 mL 5% dextrose in water) was started in 
the arm opposite the one used for neuromuscular 
recordings. A volumetric pump was used to adjust 
the infusion rate to keep neuromuscular blockade 
constant (T1 = 10% of control, or 90% blockade). 
When blockade had been stable for 15 min, 1.6%- 
1.7% end-tidal enflurane was introduced. Neuromus- 
cular blockade was maintained constant by adjusting 
the infusion rate accordingly. 
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Blood (3 mL for each sample) was drawn 15 min 
before and 0, 5, 10, 15, 30, 45, 60, 90, and 120 min 
after the introduction of enflurane. The samples were 
heparinized and their temperature was lowered 
quickly by keeping them in ice for 10-15 min. They 
were then centrifuged and the plasma was acidified 
with sulfuric acid and frozen for later analysis. 

Atracurium concentrations were measured in 
plasma using a specific high-performance liquid chro- 
matography assay (13). Plasma samples (250 pL) 
containing 250 ng verapamil (internal standard) were 
reacidified with 10 uL of 0.5 M sulfuric acid. The 
plasma proteins were precipitated with 0.6 mL ace- 
tonitrile. After centrifugation, an aliquot of 50 uL of 
the supernatant was injected for analysis. The chro- 
matographic separations were carried out on a Hich- 
rom Spherisorb Cg column (100 x 4.6 mm inner 
diameter, 5 wm particle size; Reading, U.K.) with a 
linear gradient mobile phase (pH 5) at flow rates of 
1.7 mL/min. The mobile phase changed from 100% of 
0.03 M phosphate buffer-methanol-acetonitrile (57.5: 
5:37.5) to 100% of 0.03 M phosphate buffer-methanol- 
acetonitrile (47.5:15:37.5) in 8 min. The Shimadzu 
fluorescence detector (Kyoto, Japan) excitation and 
emission wavelengths were set at 240 ng and 320 nm, 
respectively. The method is sensitive (limit of detec- 
tion 20 ng/mL), reproducible (mean coefficient of 
variation under 5%), and linear for plasma concen- 
trations of atracurium and laudanosine in the range 
30-3000 ng/mL. 

At each sampling time, neuromuscular blockade, 
atracurium concentration, and infusion rate were 
recorded. For each variable, the mean of the values 
obtained 15 min before and at the time of enflurane 
administration were taken as controls. Then the val- 
ues were expressed as a percentage of control. Unless 
otherwise stated, the results are presented as mean + 
standard error of the mean (SEM). Statistical analysis 
was performed using analysis of variance for re- 
peated measurements. A P value <0.05 was consid- 
ered to indicate statistically significant differences. 


Results 


There were four women and six men in the study. 
Mean age was 47 + 6 yr and mean weight was 77 + 
7 kg. After the first dose of atracurium (0.4 mg/kg), 
twitch height did not reach 0% in three patients. In 
the other seven, T1 reappeared after a mean of 27 min 
(range, 22-30). Enflurane was added 59 min (range, 
47-67) after injection of the initial dose of atracurium. 
The atracurium infusion rate required to maintain 
90% blockade was 0.51 + 0.10 mg-kg™?-h~’ in the 
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Figure 1. Infusion rate required to maintain blockade constant 
versus time. Enflurane introduced at time zero. 


absence of enflurane. Because of the high concentra- 
tions of enflurane (3%—4%) and the high fresh gas 
flows given at the start of enflurane administration, a 
stable end-tidal concentration was achieved within 
2-3 min. Immediately after the introduction of enflu- 
rane, twitch height decreased. To maintain the de- 
gree of neuromuscular blockade close to 90%, the rate 
of infusion of atracurium had to be decreased 
abruptly and was then maintained at 50%-60% of the 
control value for the remainder of the study period 
(Figure 1). In spite of the decrease in infusion rate, 
neuromuscular blockade was slightly more intense 
5 min after the introduction of enflurane (92.7% + 
0.4%) than immediately before that event (89.3% + 
0.7%) (P < 0.05). 

The plasma atracurium concentration at the start of 
enflurane administration was 730 + 127 ng/mL. No 
significant decrease was observed during the first 
30 min in spite of the changes in infusion rate made 
during this period. However, by 45 min the concen- 
trations of atracurium corresponding to the same 
degree of blockade were only 67% + 8% of control 
(P < 0.01), and 48% + 2% after 2 h (P < 0.01) (Figure 
2). 


Discussion 

This study shows that, with enflurane anesthesia 
given at a concentration of approximately 1 MAC 
(14), atracurium concentrations corresponding to 90% 
blockade may be reduced by one-half compared with 
nitrous oxide-narcotic anesthesia. However, this de- 
gree of potentiation is reached only after 2 h. For the 
first 30 min after the introduction of enflurane, no 
statistically significant potentiation (defined as a de- 
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Figure 2. Atracurium plasma concentration required to maintain 
blockade constant. Enflurane introduced at time zero. 


crease in atracurium concentration for 90% blockade) 
was detected, and, if present, the intensity of this 
effect (19% in the present study) would be clinically 
insignificant. The degree of potentiation increased 
significantly between 45 and 120 min after adminis- 
tration of enflurane. 

The methodology used in the present investigation 
differs from previous studies (1-4,6,7) in that we 
established no dose-response relationships. How- 
ever, we were able to follow the interaction between 
enflurane and atracurium over time by measuring 
atracurium plasma concentrations corresponding to 
90% blockade. The fact that each patient served as his 
or her own control allowed a reduction in the number 
of subjects required. The infusion rate decreased 
before plasma concentrations did because elimination 
of atracurium takes time, the terminal elimination 
half-life being approximately 20 min (15,16). Thus, 
the abrupt decrease in infusion rate in the first 5 min 
after the introduction of enflurane was associated 
with little change in plasma concentrations. It follows 
that the small increase in blockade observed at that 
time was associated with only a small degree of 
potentiation. There is also a time lag between a 
change in plasma concentration and change in effect, 
referred to in kinetic-dynamic studies as Keo (17). For 
atracurium, this equilibration half-time is about 7 min 
(15), much more rapid than the time-course of the 
variations observed in the present study. Thus, con- 
centrations of atracurium in plasma and at the neu- 
romuscular junction were probably similar at all 
times. 

Atracurium infusions have been used previously 
to maintain constant neuromuscular blockade in chil- 
dren (18). As in the present investigation, the atracu- 
rium requirements were found to decrease with time. 
Taking into consideration that a bolus dose was given 
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before the infusion was started and that the inhala- 
tion anesthetic was administered from the beginning 
of this study, the results (18) suggest a significant 
decrease in atracurium requirements in the range 
30-60 min after introduction of enflurane. Although 
plasma atracurium concentrations were not mea- 
sured, the results are in agreement with those of the 
present study. With nitrous oxide-narcotic anesthe- 
sia, atracurium infusion rates to maintain 90% block- 
ade remain constant for periods of at least 90 min in 
young as well as elderly adults (19). Thus, variations 
in infusion rate and plasma concentrations observed 
in the present study are much more probably due to 
enflurane, rather than to time alone. 

Plasma concentrations of vecuronium have been 
measured during a controlled infusion of the drug 
(20). Patients were randomized to receive either a 
narcotic-nitrous oxide or enflurane-nitrous oxide an- 
esthetic. After 2-3 h from the beginning of anesthe- 
sia, plasma vecuronium concentrations correspond- 
ing to 90% blockade were 165 + 48 ng/mL without 
and 71 + 34 ng/mL with enflurane, a 57% decrease. 
Although the time-course of potentiation was not 
investigated, the difference is compatible with the 
results obtained in the present study with atracu- 
rium. The time dependence of the interaction be- 
tween d-tubocurarine and enflurane has been studied 
before (21). The plasma levels of the neuromuscular 
blocking drug were kept constant, and neuromuscu- 
lar blockade was found to increase slowly with time. 

The time-course of potentiation by enflurane is 
compatible with the time constant of enflurane for 
equilibrium in muscle tissue (11,12). The changes (a 
3% decrease in twitch height without detectable al- 
teration in plasma concentration) that were apparent 
by the fifth minute after enflurane was introduced 
could be the result of small quantities of enflurane 
reaching the neuromuscular junction. It has been 
suggested that the neuromuscular junction might be 
more richly supplied with blood than the rest of the 
muscle tissue. This was put forward as an explana- 
tion for the lack of change in d-tubocurarine potency 
after 40 min of halothane anesthesia (4). However, 
the results of the present study suggest a much 
slower equilibration with the neuromuscular junction 
because the potency of atracurium appeared to in- 
crease even after 2 h. In fact, the junctional area 
might have a richer blood flow than the rest of the 
muscle, but the adductor pollicis may be less well 
perfused than most other muscle groups. In other 
words, the “muscle group” might be heterogenous. 
For example, the diaphragm (22,23) and the masseter 
(24) are probably more richly supplied than the 
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adductor pollicis. Therefore, enflurane potentiation 
might occur more rapidly in these muscles. 

The results of the present investigation are in 
agreement with, and explain, apparently conflicting 
data from other studies. For example, it has been 
suggested that the newer relaxants, atracurium and 
vecuronium, are potentiated by enflurane and isoflu- 
rane to a lesser degree than are pancuronium and 
d-tubocurarine (6,7). However, the time delay be- 
tween the introduction of the inhalation anesthetic 
and the injection of the neuromuscular blocking drug 
was longer in the studies involving pancuronium and 
d-tubocurarine (45 min) (1-3) than in the more recent 
investigations with atracurium and vecuronium 
(30 min) (6,7). Thus, the greater potentiation ob- 
served with pancuronium and d-tubocurarine might 
be a consequence of the longer exposure to enflurane 

r isoflurane. Similarly, maximum blockade pro- 
duced by atracurium was unaltered with enflurane 
anesthesia (8) because the neuromuscular blocking 
agent was injected soon after the start of enflurane 
administration. However, in the same study the 
duration of action of atracurium increased in patients 
given enflurane, a finding consistent with a time- 
dependent potentiating effect. In a study during 
which both enflurane and neuromuscular blocking 
drugs were administered from the start of the anes- 
thetic (25), enflurane did not affect onset time of 
blockade. Little, if any, prolongation of blockade was 
detected for vecuronium or atracurium, which recov- 
ered within 45 min of injection, but the duration of 
action of longer-acting pipecuronium and pancuro- 
nium (74-125 min) was affected markedly in the 
presence of enflurane. This, together with the in- 
crease in the duration of effect of additional doses of 
vecuronium and atracurium, strongly suggests a po- 
tentiating effect becoming clinically significant 45 min 
after starting administration of enflurane. 

Clinically, the interaction between inhalation 
agents and neuromuscular blocking drugs is impor- 
tant. The dose of the latter may be altered by the 
presence of the former. However, this interaction is 
of negligible importance in the first 30-45 min after 
the introduction of enflurane, especially if the end- 
tidal concentration is less than that used in the 
present study (1.6%-1.7%). Because atracurium is 
indicated for procedures lasting 30-45 min, the pres- 
ence of enflurane, even in concentrations as large as 
those used in this study, should not affect the dose 
required, or its duration of action. However, a de- 
crease in requirement would be expected for longer 
procedures. 
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Additive Depressant Effects of Amiodarone Given With Halothane 


in Isolated Hearts 
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The antidysrhythmic drug amiodarone may be given during 
general anesthesia. We examined the single and combined 
direct cardiac effects of amiodarone and halothane in the 
isolated guinea pig heart. Guinea pig hearts were isolated 
and perfused retrogradely through the aorta with oxygen- 
ated Krebs-Ringer solution at 37°C at constant pressure 
(55 mm Hg). Variables measured in 61 hearts included 
spontaneous heart rate (HR), atrioventricular conduction 
time (AVCT), isovolumetric left ventricular pressure 
(LVP), and coronary flow (CF). Amiodarone was adminis- 
tered as a single bolus into the retrogradely perfused aortic 
root and halothane was vaporized into the perfusing solu- 
tion. Mean control values of pooled data before treatment 
were as follows: HR, 228 + 4 (sem) beats/min; AVCT 
(during atrial pacing at 240 beats/min), 82 + 2 ms; LVP, 
97 + 4 mm Hg; and CF, 6.1 + 0.2 mL-min7!-g71. 
Amiodarone, 100 wg and 200 ug, decreased HR by 8% + 
2% and 8% + 2%, increased AVCT by 5 + 2 and 15 + 





Amiodarone is a benzofuran derivative initially de- 
veloped and used in Europe for the management of 
angina (1). After this early application amiodarone 
was found to possess antidysrhythmic properties (2); 
this has resulted in its extensive oral use for the 
treatment of both supraventricular and ventricular 
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3 ms, decreased LVP by 22% + 3% and 27% + 3%, and 
increased CF by 20% + 1% and 40% + 2%, respectively; 
all these changes were sustained for 60 min and, except for 
HR, were dose dependent. Halothane, 0.5% and 1%, 
transiently and dose-dependently decreased HR by 6% + 
2% and 12% + 2%, increased AVCT by 4 + 2 and 8 + 
2 ms, decreased LVP by 15% + 3% and 31% + 3%, and 
increased CF by 2% + 1% and 6% + 2%. In combination, 
the transient negative cardiac effects of halothane were 
statistically additive to the prolonged negative cardiac 
effects of amiodarone so that with 200 ug amiodarone plus 
1% halothane, HR decreased by 26% + 2%, AVCT 
increased by 24 + 3 ms, LVP decreased by 58% + 3%, and 
CF increased by 26% + 2%. Our results indicate that 
halothane augments the cardiac depressant effects of amio- 
darone given as a single injection. Because the cardiac 
effects of a single injection of amiodarone are long-lasting, 
its administration before or during exposure to halothane 
might resuit in cardiac depression that is not easily revers- 
ible. os 


Key Words: ANESTHETICS, voLatire—halothane. 
HEART, aRRHYTHMIAS—amiodarone. 


dysrhythmias (3-5). Amiodarone is primarily classi- 
fied as a class IH (prolongs action potential duration) 
antidysrhythmic agent; it is chemically unrelated to 
any other available antidysrhythmic agent (6). A 
major disadvantage of amiodarone has been that it 
must be administered orally for as much as several 
weeks before the maximal effect is achieved (3). This 
has limited its use in patients in whom an immediate 
effect is required. 

Amiodarone, which has been used to treat atrial 
fibrillation and atrial flutter in postoperative and 
intensive care settings (7,8), was recently made avail- 
able as an intravenous solution for experimental 
clinical study. Adverse cardiac effects observed with 
amiodarone include depression of sinus nodal (SA) 
rate (9), atrioventricular (AV) conduction (10), and 
left ventricular function (11,12), as well as coronary 


CARDIAC EFFECTS OF AMIODARONE AND HALOTHANE 


vasodilation (11,12), especially in patients with car- 
diac impairment (12,13). These cardiac depressant 
effects are nontransient but long-lasting. Halothane, 
a potent volatile anesthetic, is well known to depress 
SA nodal rate (14-16), AV conduction (17), and left 
ventricular function (17,18), and to cause coronary 
vasodilation (19); these effects are reversible. Patients 
with cardiac disease receiving oral amiodarone pre- 
operatively and undergoing general anesthesia and 
cardiopulmonary bypass have been observed to re- 
quire greater postbypass inotropic and vasodilator 
therapy than patients not receiving amiodarone (20). 
Bolus injection of a single dose of amiodarone during 
administration of a volatile anesthetic could cause 
prolonged cardiac depression. This in vitro study was 
designed to compare the direct, dose-related cardiac 
depressant effects of a single aortic root injection of 
two concentrations of amiodarone alone and during 
perfusion of two concentrations of halothane. 


Methods 


Sixty-one albino short-haired female guinea pigs 
(250-450 g) were injected intraperitoneally with 
10 mg ketamine and 1000 U of heparin and were 
decapitated when unresponsive to noxious stimula- 
tion. These methods have been detailed previously 
(17,21). After thoracotomy, the inferior and superior 
vena cava were cut and the aorta was cannulated 
distal to the aortic valve. The heart was immediately 
perfused with cold perfusate retrogradely through 
the aorta and was then excised. The perfusate, a 
modified Krebs-Ringer solution, had the following 
composition (in mM): Nat 137, K* 5.9, Mg** 1.2, 
Ca** 2.0, Cl” 134, HCO;” 15.5, H,PO,” 1.2, pyru- 
vate 2, glucose 11.5, mannitol 16, and EDTA (ethy]l- 
enediaminetetraacetic acid 99%) 0.05. The solution 
was filtered (20 um Astrodisc, Gelman Sciences, Ann 
Arbor, Mich.) and equilibrated with a 97% O-3% 
CO, gas mixture. Aortic pH, Pcoz, and Po,, mea- 
sured with a blood-gas analyzer (Radiometer ABL-2, 
Medtron Chicago Inc., Des Plains, Ill.) at the begin- 
ning and end of each experiment in each-heart, were 
7.41 + 0.01, 35 + 1 mm Hg, and 540 + 5 mm Hg, 
respectively; there were no significant differences in 
values obtained at different times. Hearts were per- 
fused with nonrecirculating perfusate and were sub- 
merged in a bath of perfusate solution. Perfusate and 
bath temperature were maintained at 36.5 + 0.3°C 
using a thermostatically controlled water circulating 
system (Haake E52, Haake Buchlar Inc., Saddle 
Brook, N.J.). The perfusion pressure was maintained 
at 55 mm Hg with a 75-cm-high fluid column main- 
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tained with an overflow pump. Aortic root perfusion 
(coronary inflow) pressure was measured with a 
pressure transducer. 

Two pairs of bipolar electrodes (Teflon-coated sil- 
ver, diameter 125 wm, Cooner Wire Company, 
Chatsworth, Calif.) were placed in the superior right 
atrium and left ventricular septum at each heart to 
monitor intracardiac electrograms from which spon- 
taneous sinoatrial rate and conduction times were 
measured as reported previously (17,21). An addi- 
tional pair of electrodes was placed in the right atrium 
to pace the heart at 240 beats/min. Sinus cycle length 
was measured and heart rate (HR) was calculated 
from the superior right atrial beat-to-beat interval. 
Atrial-septal (AV) conduction time was determined 
with each beat, koth during sinus rhythm and during 
pacing, from the superior right atrial to the left 


` ventricular septal beat-to-beat interval. 


The electrode signals were amplified 100-1000- 
fold, filtered at frequencies below 1 Hz and above 
10 kHz, and displayed continuously on a polygraph 
(Astromed MT 9500R, Astro-Med Inc., West War- 
wick, R.I.) and on an image storing oscilloscope 
(Tektronix 5A426,5113, Tektronix, Beaverton, Ore.). 
Electrograms, left ventricular pressure (LVP), perfu- 
sion pressure, and coronary flow were intermittently 
tape recorded (Vetter D1, Vetter Co., Reberburg, Pa.) 
at 38 cm/s for later playback. Electrogram intervals 
were measured automatically by digital timer systems 
that allowed instantaneous beat-to-beat interval and 
rate analyses. 

Left ventricular pressure was measured with a 
transducer connected to a thin, saline-filled latex 
balloon (Hugo Sachs Electronic KG, Germany) in- 
serted into the left ventricle through the mitral valve 
from an incision in the left atrium. Balloon volume 
was adjusted initially to maintain a diastolic pressure 
of 0 mm Hg. 

Coronary flow was measured electromagnetically 
using a 1.5-mm inner-diameter extracorporeal flow 
probe (BL610, Biotronex Laboratories Inc., Kensing- 
ton, Md.) placed into the aortic inflow line. Zero flow 
was periodically established by temporarily bypass- 
ing the flow probe. The flow probe was calibrated 
daily by timed collections into a volumetric cylinder 
over the range of measured flow. Calibration curves 
were best fitted by nonlinear regression analysis (7° > 
0.98). 

Halothane was introduced by switching to perfus- 
ate equilibrated with 0.5 and 1.0 vol% halothane, 
delivered by vaporizer (Fluotec vaporizer). The va- 
porizer was checked for accuracy at the delivered gas 
flow rate of 3 L/min by mass spectrometry (Medical 
Gas Analyzer 1100A, Perkin-Elmer, Norwalk, 
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Conn.). Perfusate was collected at an aortic inflow 
side port into sealed, air-free, 1-mL vials for measure- 
ment of anesthetic gas concentrations by gas chroma- 
tography as previously described (17,21). Measured 
mean perfusate concentrations (+SEM) corresponding 
to vaporizer settings for 0.5 and 1.0 vol% halothane 
were (in mM) 0.18 + 0.01 and 0.34 + 0.01, respec- 
tively. Amiodarone HCl (a gift from Wyeth Labora- 
tories, Philadelphia, Pa.) stock contained, per millili- 
ter, 50 mg amiodarone HCl, 20 mg benzyl alcohol, 
and 100 mg polysorbate 80 (Tween) in water. Stock 
was diluted 100-fold in Krebs-Ringer solution for 
bolus intraaortic injection of 100 ug (0.2 mL) or 200 ug 
(0.4 mL) (155 and 310 nmol, respectively) of amio- 
darone. Adenosine HC] (Sigma-Aldrich, Milwaukee, 
Wis.) (200 uM in 0.2 mL) was injected before and at 
the end of each experiment to establish peak coronary 
flow. 


Protocol 


Drug-free control measurements were recorded after 
a 30-min period of stabilization. No hearts included in 
the study had more than two single premature atrial 
or ventricular beats per minute. Hearts were divided 
into six experimental groups: (A) 100 zg amiodarone 
only (n = 9); (B) 200 ug amiodarone only (n = 8); (C) 
haiothane only (0.5 and 1 vol%) (n = 17); (D) 100 pg 
amiodarone plus halothane (n = 11); (E) 200 ug 
amiodarone plus halothane (n = 11); and (F) amio- 
darone vehicle (n = 5). After initial control (time 
0 min) recordings, four groups randomly received, as 
a single intraaortic bolus, 100 wg (groups A and D) or 
200 ug amiodarone (groups B and E). Ten minutes 
later (time 10 min), two of these groups (groups D 
and E) were exposed for 10 min to halothane, either 
to 0.5% or 1.0% first and then to the other concen- 
tration. Group C was exposed in random order to 
0.5% and 1.0% halothane only. This was followed by 
a second 15-min halothane-free control period (time, 
35 min). Group F received after the initial control 
(time 0 min) a single 0.4-mL intraaortic bolus of 
amiodarone vehicle (diluted 100-fold in Krebs-Ringer 
solution to contain 400 ug polysorbate 80 [Tween] 
and 80 ug benzyl alcohol). After exposure to the 
second concentration of halothane, there was a final 
15-min halothane-free period (time 60 min). 


Statistical Analysis 
Each heart served as its own control for treatment 
effects. All data are expressed as mean + standard 
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error of the mean (SEM). Data were evaluated by 
two-way analysis of variance (Statview, Abacus 
Concepts, Calabasas, Calif., and CLR, Clearlake 
Research, Houston, Tex., software programs; 
Macintosh SE30 computer, Apple Computer Inc., 
Cupertino, Calif.). If variance was significant, means 
were compared by Fischer's least significant differ- 
ence test, and a probability of less than 5% was 
considered statistically significant. Linear regression 
analysis was used to test whether effects of halothane 
were additive or synergistic to the effects of amio- 
darone. The linear regression slopes for halothane 
alone (+95% confidence intervals and sem), derived 
from the individual data of each study variable as a 
function of the initial halothane-free controls (at time 
10 min) and the two levels of halothane (at times 20 
and 45 min), were compared to the slopes obtained in 
the presence of each of the two doses of amiodarone 
at the same time markers. Slopes were compared for 
parallelism (P < 0.05) by analysis of variance and 
means comparison tests. 


Results 


Table 1 shows the initial control values of all variables 
examined for each group. There were no significant 
differences among the six groups for any of the 
variables during the control period. Other studies 
from our laboratory show that in the absence of 
treatment there is no significant change in any of the 
variables measured for at least 3 h (unpublished 
observations). 

The individual and combined effects of amio- 
darone and halothane on HR, AV time, LVP, and 
coronary flow are shown in Figures 1-4. Figure 1 
shows that halothane alone significantly decreased 
HR; the decrease was dose dependent (P < 0.001). 
Amiodarone, given in single aortic root injections of 
100 or 200 ug, caused an abrupt decrease in HR that 
was significant at 10 min and remained so for the 
ensuing 50 min, this effect was not dose dependent 
(P > 0.5). Introduction of halothane after amiodarone 
injection resulted in an additive decrease in HR 
compared with either dose of amiodarone alone; as 
with halothane alone, this effect was dose dependent 
(P < 0.001). Linear regression slopes for HR (beats 
per min/% halothane + sEM) were —28.3 + 5.0 for 
halozhane alone, —30.0 + 5.6 for halothane plus 
100 ug amiodarone, and —32.7 + 8.6 for halothane 
plus 200 ug amiodarone; these slopes were not sta- 
tistically different. There was no significant difference 
between the HR responses to halothane plus 100 ug 
amiodarone and halothane plus 200 ug amiodarone. 
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Table 1. Initial Control Values for Each of Six Groups Before Administration of Halothane and/or Amiodarone 

















Amiodarone Amiodarone 
Amiodarone Amiodarone Halothane 100 ug + 200 ug + 

(100 ug) (200 ug) only halothane halothane Vehicle 
n 9 8 17 11 11 5 
HR (beats/min) 222 t 4 226 +5 229 +3 234 + 6 230 +5 231 + 6 
AVCT (ms) 5641 58 +2 56 +2 54 +1 56 +1 57 +2 
AVCT (ms) at 240 81+ 2 87 +5 8142 8023 82+ 2 84 + 4 

beats/min 

LVP (mm Hg) 95 +3 95 +4 102 + 4 9244 103 +5 98 +7 
CF (mL-min™?-g71) 6.1 + 0.2 6.2 + 0.2 6.1 + 0.5 6.2 + 0.3 6.3 + 0.3 6.2405 





n, number of hearts per group; HR, spontaneous heart rate; AVCT, atrioventricular conduction time during atrial pacing; LVP, left ventricular pressure; 


CF, coronary flow. 
All values are mean + SEM. 


There was no significant difference among the six groups for any variable. 
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Figure 1. Effects of amiodarone and halothane on percentage 
change in spontaneous HR in five treatment groups. * = treat- 
ments for each group at times 10, 20, 35, 45, 60 min that are not 
significantly different (P > 0.05) from their initial controls (at 
0 min); all other treatment means are significantly different from 
their initial controls; * = treatments for each group at times 20, 35, 
45, 60 min that are different (P < 0.05) from the 10-min amiodarone 
alone (prehalothane) treatment; * = either dose of amiodarone 
plus either concentration of halothane that is different (P < 0.05) 
from the equivalent dose of amiodarone alone (vertical comparison 
at same time period). The effect of halothane, with and without 
amiodarone, was dose dependent; the effect of amiodarone alone 
was not dose dependent (statistics not shown). Total n = 61 hearts. 
Vehicle group data are not shown in the figures. 


Figure 2 shows the changes in AV time during 
cardiac pacing at 240 beats/min. Halothane at 0.5% 
and 1.0% significantly increased AV time; this effect 
was dose dependent (P < 0.01). Bolus injection of 
amiodarone, 100 ug or 200 pg, also resulted in a 
significant increase in AV time that was sustained 
throughout the experiment; this effect of amiodarone 
was also dose dependent (P < 0.001). Introduction of 
halothane after amiodarone injection resulted in an 
additive increase in AV time that was significant 
compared with equivalent doses of amiodarone 
alone. Regression slopes for AV conduction time 


CHANGE in A-V TIME (ms) 
a 3 a 8 R 
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Figure 2. Effects of amiodarone and halothane on change in AV 
time in hearts paced at 240 beats/min. The effects of halothane, 
with and without amiodarone, and amiodarone alone were dose 
dependent (statistics not shown). See Figure 1 for explanation of 
symbols. 


(ms/% halothane + sem) were 5.3 + 1.7 for halothane 
alone, 6.2 + 2.8 for halothane plus 100 ug amio- 
darone, and 4.9 + 3.8 for halothane plus 200 ug 
amiodarone; these slopes were not statistically dif- 
ferent. Non-drug control AV time and treatment AV 
time (amiodarone alone or with halothane) was sig- 
nificantly greater during pacing (Figure 2) than dur- 
ing sinus rhythm (data not shown), and exposure to 
each agent resulted in a more exaggerated increase in 
AV time during pacing than during sinus rhythm. 
Atrioventricular dissociation did not occur in any 
group. 

Figure 3 shows that both halothane and amio- 
darone decreased systolic LVP significantly below 
control values. The effect of halothane was dose 
dependent (P < 0.01); the effect of amiodarone was 
not dose dependent. Administration of halothane 
after amiodarone injection caused a significant dose- 
dependent decrease in LVP. Regression slopes for 
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Figure 3. Effect of amiodarone and halothane on percentage 
change in systolic LVP. The effect of halothane, with and without 
amiodarone, was dose dependent; the effect of amiodarone alone 
was not dose dependent (statistics not shown). See Figure 1 for 
explanation of symbols. 
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Figure 4. Effect of amiodarone and halothane on percentage 

change in coronary flow. This effect of halothane alone was not 
dose dependent; the effect of amiodarone alone or with halothane 
was dose dependant (statistics not shown). Adenosine increased 
flow 59% + 1%. See Figure 1 for explanation of symbols. 


LVP (mm Hg/% halothane + sem) were —34.3 + 4.5 
for halothane alone, —13.3 + 6.3 for halothane plus 
100 ug amiodarone, and —23.9 + 5.9 for halothane 
plus 200 ug amiodarone; these slopes did not differ in 
a statistically significant way. 

Figure 4 shows that halothane caused a small but 
significant increase in coronary flow; this increase in 
flow was not dose dependent. Injection of amio- 
darone produced a large increase in coronary flow 
that peaked at 1 min (increases of 20% with 100 ug 
and 39% with 200 ug); this effect was dose depen- 
dent. At 10 min coronary flow in these groups had 
decreased to approximately 50% of peak values, but 
flow was still significantly higher than initial control 
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values and remained elevated throughout the exper- 
iments. Introduction of 1% halothane, but not of 
0.5% halothane, with amiodarone resulted in an 
additive increase in coronary flow compared with 
amiodarone alone. Regression slopes for coronary 
flow (mL-g°'-min”!-% halothane’! + sem) were 
0.71 + 0.64 for halothane alone, 1.01 + 0.48 for 
halothane plus 100 ug amiodarone, and 1.75 + 0.51 
for halothane plus 200 ug amiodarone; these slopes 
did not differ in a statistically significant way. The 
greatest increase in coronary flow, induced by 200 ug 
of amiodarone, was significantly lower than the av- 
eraged (pre- and postcontrol) maximal increase in 
coronary flow obtained by bolus doses of adenosine 
(59% + 1%). 

In general, for all variables examined, halothane 
produced simple, additive (parallel) effects with ami- 
odarone as determined by nonsignificant differences 
in halothane slopes with and without amiodarone as 
shown above. There was no evidence of synergistic 
effects. The effects of a single dose of amiodarone 
persisted during the period of study (60 min); the 
effects of halothane were transient. Bolus injection of 
the vehicle for amiodarone (group F) caused a rela- 
tively small (7% + 2%) and transient decrease in LVP 
lasting about 5 min; there was no significant change 
from control between 5 and 60 min. The vehicle alone 
produced no changes in HR, AV time, or coronary 
flow (data not shown), 


Discussion 

A number of animal studies report the cardiac effects 
of amiodarone in vivo (11,22) and in vitro (23-25), but 
no studies have, to our knowledge, been performed 
to examine the direct cardiac effects of amiodarone 
with halothane. We chose the isolated retrogradely 
perfused guinea pig heart to investigate the direct 
and interactive actions of these agents. In this prep- 
aration, indirect cardiac effects resulting from 
changes in inflow capacitance and outflow imped- 
ance, as well as from hormonal and autonomic ef- 
fects, can be avoided. 

Results of this study demonstrate that (a) both 
amiodarone and halothane independently caused de- 
creases in HR and systolic pressure and increases in 
AV time and coronary flow; (b) the changes in HR, 
systolic LVP, and AV time for halothane alone, and 
the changes in AV time and coronary flow for amio- 
darone alone were dose dependent; and (c) introduc- 
tion of halothane, after amiodarone injection, caused 
significant additive increases in AV time and coro- 
nary flow and significant additive decreases in HR 
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and systolic pressure. The evidence for additive (par- 
allel), as opposed to synergistic, effects was provided 
by the statistically similar regression slopes for 
halothane alone and with each concentration of ami- 
odarone. A limitation of this study is that we could 
not discern whether the doses of amiodarone used in 
this study reflect cardiac tissue or plasma levels that 
are clinically therapeutic. 

Amiodarone has a wide range of electrophysio- 
logic actions. It possesses both sodium (26) and 
calcium channel blocking properties (27). The calcium 
channel blocking activity could account for its va- 
sodilatory and negative inotropic and chronotropic 
effects. Halothane, like amiodarone, has been dem- 
onstrated to depress calcium transients (28) and to 
slow inward calcium current in ventricular cells (29). 
These effects could, at least partially, also be respon- 
sible for halothane’s depressant effect on the SA node 
(14-16) and on AV conduction time (17,21), as well as 
for its negative inotropic (17,18,21,28) and coronary 
vasodilatory (19) actions. 


Sinus Rate Effects 


An additive reduction of spontaneous HR with the 
combination of halothane and amiodarone was found 
in this in vitro study of direct cardiac effects. The 
observed negative chronotropic effects of amiodarone 
are similar to those noted in other in vitro studies, 
e.g., those in the isolated rabbit sinus node (23), the 
rabbit atrium (25), and the isolated dog heart (24). In 
vivo (22) and in vitro (23) studies demonstrate a 
reduction in the slope of diastolic depolarization and 
a decrease in the sinus node action potential dura- 
tion, which may be due, at least in part, to the Ca?* 
channel blocking effect of the drug. In humans and in 
experimental animals, the chronotropic effect of ami- 
odarone has been variously described as positive (12) 
or negative (3,23,30) with a brief initial tachycardia 
followed by long-lasting bradycardia. The transient 
positive chronotropic responses that have been ob- 
served after intravenous administration most proba- 
bly result from initial transient hypotension (31); this 
could trigger adaptive reflex responses that may be 
obscured by the direct negative chronotropic (23) 
action of amiodarone. 

Our data confirm the findings of many other in 
vitro studies (14-17,21) that halothane has a direct 
dose-related negative chronotropic effect. The nega- 
tive chronotropic effect is primarily a result of a 
reduction in the slopes of phase 4 and of phase 0 of 
the SA nodal cell action potential (15,16). The action 
potential effects of halothane can be reversed incom- 
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pletely by increasing extracellular calcium and can be 
mimicked partially by verapamil, a calcium channel 
blocker. It does not appear to compete specifically 
with adrenergic receptor sites (16). 


Atrioventricular Conduction Effects 


Both amiodarone and halothane significantly pro- - 
longed AV conduction time, both in spontaneously 
beating and in paced hearts. Hearts were paced 
because the slowing of HR by these drugs would 
mask the well-known rate-dependent effects on AV 
conduction (10,14,15). During atrial pacing at 240 
beats/min, exposure to both agents caused a more 
exaggerated prolongation of AV time than during 
sinus rhythm. Acutely administered amiodarone ap- 
pears to exert its main conduction system effect at the 
AV node because amiodarone has been shown to 
prolong intranodal conduction time, with little or no 
effect on the atria, ventricles, or the His-Purkinje 
system (10,22). This is in agreement with the clinical 
impression that short-term intravenous amiodarone 
therapy is more effective for supraventricular dys- 
rhythmias involving the AV node than it is for 
ventricular dysrhythmias (10). 

Halothane has also been shown to prolong both 
AV conduction time (17,21) and intraventricular con- 
duction time (21). The increase in AV nodal conduc- 
tion delay may be due, at least partially, to nonspe- 
cific slowing of Ca** through its channels by both 
agents. Noncompetitive antagonism of adrenergic 
receptors by halothane (16,17) and amiodarone (32- 
34) could also underlie part of this effect. Whatever 
the mechanism, increased AV delay could account 
for the termination of paroxysmal supraventricular 
tachycardias (3,35) and for the lowering of the ven- 
tricular response in atrial flutter and fibrillation (36) 
induced by amiodarone. 


Effects on Left Ventricular Pressure 


Our data show that both amiodarone and halothane 
independently reduce isovolumetric LVP; the depres- 
sion by halothane, but not by amiodarone, was dose 
dependent. The combination of amiodarone and 
halothane additively depressed LVP. Others have 
also reported that intravenous amiodarone has neg- 
ative inotropic effects (13,32,37). One study attributed 
the cardiovascular depressant effect of intravenously 
administered amiodarone to the drug solvent Tween 
80 (32). But oral amiodarone, in the absence of the 
solvent, is also reported to depress cardiac function 
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(30). Furthermore, we have demonstrated in this 
study that administration of the Tween-containing 
vehicle caused only a relatively small (7% + 2%) 
transient fall in LVP that was long outlasted by the 
much larger fall in LVP induced by the injection of 
amiodarone dissolved in its vehicle. Therefore, the 
negative inotropic action observed in this study is 
attributable, almost completely, to immediate and 
continuing depression of contractility by amiodarone. 
The mechanism of the direct negative inotropic effect 
is not known. Recently, amiodarone has been re- 
ported to be a potent and retained competitor at 
dihydropyridine and phenylalkylamine (verapamil- 
like) calcium antagonist binding sites (33); however, 
other calcium-sensitive sites could be affected as well. 

The depressant effects of halothane on the myo- 
cardium have been well studied (17-19) and appear to 
be partially due to an inhibition of the slow Ca?* 
current across the sarcolemma (29) resulting in a 
decrease in myoplasmic calcium transients (28). In 
addition to the effect on transsarcolemmal Ca?* flux, 
halothane may also restrict availability of Ca?* to the 
contractile proteins and may reduce Ca?" release 
from internal stores (18). 


Effects on Coronary Flow 


Our results show that both amiodarone and 
halothane produce coronary vasodilation in the iso- 
lated, perfused guinea pig heart. Because both agents 
depress HR and myocardial contractility, metabolic 
requirements are reduced and coronary flow should 
diminish. The increase in flow can therefore be as- 
sumed to be due to a direct vasodilatory effect of 
these agents at the coronary arterioles, which primar- 
ily regulate flow. Adenosine was capable of further 
dilating the coronary vasculature, however, indicting 
available coronary reserve. The submaximal coronary 
vasodilation induced by volatile anesthetics has been 
demonstrated previously in similar preparations 
(17,19). Amiodarone has also been shown to produce 
marked vasodilation when injected directly into the 
coronary arteries or when given as an intravenous 
bolus (12,31). The increased myocardial oxygen sup- 
ply resulting from coronary vasodilation may account 
for the beneficial effects of continuous amiodarone 
infusion in the management of unstable and vaso- 
spastic angina (31,37). In addition, the bradycardia 
produced by amiodarone and halothane would be 
expected to result in an increase in coronary diastolic 
filling time and a decrease in myocardial oxygen 
consumption. 
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Clinical Correlation 


Increasingly, patients receiving amiodarone for atrial 
or ventricular dysrhythmias are undergoing anesthe- 
sia for cardiac and noncardiac procedures (34,3840). 
Recommended parenteral doses are 5-10-mg/kg in- 
travenous bolus over 5~15 min; oral doses are 800- 
1600 mg/day. Amiodarone binds readily to tissues to 
exert its effects so that plasma levels measured after 
long-term oral administration (1-2.5 pg/mL) may not 
reflect a therapeutic effect. Because of its long half-life 
of 15-60 days (40), it is usually impractical to discon- 
tinue amiodarone therapy. There are several case 
reports (34,38,39) of anesthesia-related complications 
with amiodarone in which perioperative chronotropic 
and inotropic support was required. In a retrospec- 
tive study (20) of 129 patients undergoing general 
anesthesia for endocardial resection and aneurysmec- 
tomy, a significantly greater number of the 33 pa- 
tients receiving oral amiodarone preoperatively re- 
quired postbypass and postoperative inotropic and 
vasodilator therapy compared with the 96 patients 
not receiving amiodarone (20). In another retrospec- 
tive study (40), the incidence of complications during 
anesthesia for cardiac and noncardiac surgery in 16 
patients on oral amiodarone (average serum level 
1 pg/mL) and 30 control patients were compared; 
amiodarone-treated patients more often developed 
lower systemic vascular resistance, required intraaor- 
tic balloon pump augmentation, displayed a slower 
nodal rhythm or complete heart block, and exhibited 
atropine-resistant sinus bradycardia. 

Although we can only extrapolate from our in vitro 
data to indicate relevance in the clinical situation, our 
results do help in understanding the direct cardiac 
effects of halothane in the presence of amiodarone. 
Our results show that amiodarone and halothane 
produce additive cardiac depressant effects and that 
the effects of amiodarone are not abolished by wash- 
out of the drug. It is likely that other volatile anes- 
thetics would similarly accentuate the cardiac depres- 
sant effects of amiodarone. We suggest that, during 
procedures requiring general anesthesia, caution be 
exerted in the use of volatile anesthetics in those 
patients who have received intravenous or oral ami- 
odarone. Moreover, it does not appear prudent to 
treat perioperative dysrhythmias with parenteral 
amiodarone because of the potential for prolonged 
depression of cardiac function. 
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Eighty patients, ASA physical status I-IV, scheduled for 
noncardiac surgery, were randomly assigned in a double- 
blind, placebo-controlled manner to receive a preintubation 
dose of either placebo, 200 mg lidocaine, 200 ug fentanyl, or 
150 mg esmolol. Induction of anesthesia was accomplished 
with 4-6 mg/kg thiopental IV followed immediately by the 
study drug; 1-1.5 mg/kg succinylcholine was given at 
minute 1. Laryngoscopy and intubation were performed at 
minute 2 with anesthesia thereafter maintained with 1 
MAC (+10%) isoflurane in 60% nitrous oxide in oxygen at 
a 5 Limin flow for 10 min. Heart rate was recorded every 
15 s and blood pressure every minute from induction until 
10 min after intubation. Maximum percent increases in heart 


Hypertension and tachycardia usually accompany 
laryngoscopy and tracheal intubation (1). This re- 
sponse is undesirable, especially in patients with 
cardiovascular or intracranial disease. Topical and 
intravenous lidocaine, opioids, inhaled anesthetics, 
or adrenergic blockers are used in an attempt to blunt 
these potentially adverse hemodynamic responses. 
Lidocaine has been found to be inconsistently effec- 
tive (2-6). Low doses of narcotics are effective, but 
may cause respiratory depression or rigidity, or they 
may prolong recovery time (2,7,8). Inhalation anes- 
thesia is used but requires deep levels, may delay 
recovery after short operations, and can cause cardio- 
vascular depression (9). Adrenergic blockers are 
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rate (mean + sE) during and after intubation were similar 
in the placebo (44% + 6%), lidocaine (51% + 10%), and 
fentanyl (37% + 5%) groups, but lower in the esmolol 
(18% + 5%) group (P < 0.05). Maximum systolic blood 
pressure percent increases were lower in the lidocaine (20% 
+ 6%), fentanyl (12% + 3%), and esmolol (19% + 4%) 
groups than in the placebo (36% + 5%) group (P < 0.05), 
but not different from each other (P > 0.05). Only esmolol 
provided consistent and reliable protection against increases 
in both heart rate and systolic blood pressure accompanying 


laryngoscopy and intubation. 


Key Words: INTUBATION, TRACHEAL—prevention 
of vascular responses. ANESTHETICS, 
LOcAL—lidocaine. ANALGESICS, FENTANYL. 
SYMPATHETIC NERVOUS SYSTEM, 
PHARMACO_OGY—esmolol. 





effective, but longer acting agents outlast the tran- 
sient intubation response and may cause hypoten- 
sion or bradycardia; esmolol, an ultrashort-acting 
“cardiose_ective” B-blocker may not have these short- 
comings (10-14). This double-blind, placebo- 
controlled study was designed to compare the effec- 
tiveness of postinduction, single-bolus placebo, 
lidocaine, fentanyl, and esmolol in blunting the he- 
modynamic intubation response. 


Methods and Materials 


Patients were eligible for the study if they were older 
than 21 vr, ASA physical status II, I, or IV, and 
scheduled for noncardiac surgery. Patients with atrio- 
ventricular conduction block greater than first- 
degree, congestive heart failure, cardiac arrhythmias, 
asthma, or use of £-blockers within the 24 h preced- 
ing surgery were excluded. The study was approved 
by the institutional Human Studies Subcommittee. 
Eighty patients gave written informed consent and 
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were randomly assigned (computer-designed) (20 in 
each group) to receive a preintubation dose of either 
placebo, 200 mg lidocaine, 200 wg fentanyl, or 150 mg 
esmolol. Ninety-nine patients were recruited but can- 
cellations, schedule changes, or prolonged intuba- 
tions required subtractions. This did not interfere 
with the 80 remaining consecutive patients that were 
properly randomized. 

Preanesthetic medication consisted of 0.2 mg gly- 
copyrrolate and 2-5 mg midazolam (according to size) 
IM 30-60 min before anesthetic induction with no 
significant changes in heart rate (HR) in any of the 
four groups. In the operating suite, standard moni- 
tors (electrocardiogram, Accutor noninvasive blood 
pressure monitor, pulse oximeter, SARA) were ap- 
plied, and HR and systolic blood pressure (SBP) were 
recorded for 3 min. Denitrogenation and induction, 
at minute 0, was accomplished respectively by 
breathing oxygen and administering 4-6 mg/kg thio- 
pental IV over a 15-s period; this was followed 
immediately by the study drug. Succinylcholine (1— 
1.5 mg/kg) was given at minute 1. Laryngoscopy and 
intubation (average duration less than 15 s) were 
performed by one investigator (5.M.H.) at minute 2. 
Data from patients in whom intubation required 
more than 30 s were excluded; the eight patients 
excluded for this reason were distributed equally in 
the four study groups. After confirmation of endo- 
tracheal tube position, anesthesia was maintained 
using 1 MAC (+10%) isoflurane in 60% nitrous oxide 
in oxygen at a 5 L/min flow for 10 min. Heart rate was 
recorded every 15 s and SBP every minute from 
induction until 10 min after intubation. Vecuronium 
(4-6 mg/70 kg) was the only additional drug given 
during this 10-min period. Study drugs consisted of a 
placebo (5% dextrose in water), 200 mg of lidocaine 
(prepared from 5 mL of 40 mg/mL strength), 200 pg 
fentanyl, or 150 mg esmolol. A fixed dose was used 
that had been prepared by a physician (E.A.D.) not 
involved in observation or data collection and the 
same volume (15 mL) was used for all four drugs in 
order to blind the other three investigators. Five- 
percent dextrose in water was added as necessary to 
achieve a final volume of 15 mL with all four drug 
solutions. 

The data were analyzed using analysis of variance 
and the Newman-Keuls multiple range test to com- 
pare each of the four groups with each of the others 
at each time period or event, including the time of 
maximum increase in HR and SBP. Results were 
considered statistically significant if P < 0.05. Blood 
pressure data at minutes 2 and 3, the most likely time 
for hypertension to develop, were used for calcula- 
tion of statistical power of percent change in SBP 
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between (a) esmolol and placebo, (b) esmolol and 
lidocaine, and (c) esmolo] and fentanyl. 


Results 


Some patients in the four groups (a) had preoperative 
hypertension, (b) were taking f-blockers, or (c) were 
taking diuretics. In the placebo group, the number of 
patients respectively was 2, 3, and 2; in the lidocaine 
group, 3, 2, and 2; in the fentanyl group, 3, 3, and 3; 
and in the esmolol group, 2, 3, and 3. No significant 
differences in numbers of patients with hypertension 
and/or taking f-blockers or diuretics existed among 
the four groups. No significant differences existed 
between any groups with regard to doses of midazo- 
lam given. There were no significant differences 
between groups with respect to age (46-53 yr), height 
(172.5-175 cm), weight (78-82 kg), body surface area 
(1.9-2.0 m°), or thiopental induction dose (338-429 
mg). Most patients were classified as ASA II in all 
four groups. Preinduction (baseline) HR and SBP 
were not statistically different in the four groups. 

Heart rate before and after intubation and percent 
change from baseline levels are shown in Table 1. 
Figure 1 displays the percent change from baseline 
and HR from minute 0 to minute 5. Increases in HR 
during and after intubation were similar in the pla- 
cebo, lidocaine, and fentanyl groups, but were lower 
in the esmolol group (P < 0.05). Systolic blood 
pressure values before and after intubation and per- 
cent changes in SBP (Table 2) were lower in the 
lidocaine, fentanyl, and esmolol groups than in the 
placebo group (P < 0.05), but not different from each 
other (P > 0.05). Figure 2 shows the maximal increase 
in HR and SBP after intubation. Power analysis of 
percent change of SBP at minutes 2 and 3 demon- 
strated values below the 80% level required to ex- 
clude a type II error (false conclusion that there is no 
difference between groups). Adverse effects such as 
severe bradycardia (HR < 50), hypotension (SBP < 90 
mm Hg), bronchospasm, seizures, or rigidity did not 
occur. 


Discussion 


Only esmolol (150 mg) provided consistent and 
reliable protection against increases in both HR and 
SBP accompanying laryngoscopy and intubation. 
Lidocaine (200 mg) and fentanyl (200 yg) failed to 
protect against increases in HR. All three agents were 
effective in protecting against increases in SBP with 
no detectable difference between them. We used a 


Table 1. Heart Rate 
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HR Percent change in HR 
Placebo Lidocaine Fentanyl Esmolol Placebo Lidocaine Fentanyl Esmolol 
Time (n = 20) (n = 20) (n = 20) (n = 20) {n = 20) (n = 20) (n = 20) (n = 20) 
Baseline/induction 733 72 +4 7544 71+3 0 0 0 0 
0 (Study drug) 72 +3 7344 74+ 4 7 +3 -2+1 1+2 -2+2 -1+2 
1 (Succinylcholine) 90 +4 91+3 91+3 7B + be 25+5 3145 2445 12+4 
2 (Intubation) 98 + 4 100 + 3 96 + 4 7B + 24b 37 + 6 4547 30 +5 13 + Bebe 
3 103 + 4 103 +3 101 + 3 81 + 2ebe 44+6 51+ 10 37 +5 18 + 5ebec 
4 100 + 4 100 + 4 96 + 3 81 + 3th 40 +5 46 +9 315 17 + 6% 
5 102 + 4 100 + 3 9443 80 + 31e 42 +6 46 +9 274 15 + ye 
6 100 + 4 99 +3 91 +3 80 + gre 40 +6 44+t8g 23 +4 16 + 5 
7 97 + 4 97 +3 88 + 3 81 + 3% 36 + 6 41+ 7 20 + 4" 17 +6" 
8 96 +4 95 + 3 86 + 3° 81 + 3% 34+ 6 38 + 6° 16 + 4? 17 + 6%? 
9 95 +4 93 + 3° 84+ 3° 81 + 3% 33. +5 35 +6 14+5 17+6 
10 93 +3 89 +3 81+3 83 +3 31+5 29 +6 10+5 19 +6 
11 93 + 4 87 +3 78 +3 81 + 37 30+5 2545 6+5 17 +6 
12 91+4 86+3 78 +3 a2 +3 2745 2445 7+ 54 18+5 
HR, heart rate. 
Values are mean + sE. 
“P < 0.05 versus placebo. 
bp < 0.05 versus lidocaine. 
“P < 0.05 versus fentanyl. 
70 [2 PLACEBO 
o Caas en ieletoine at corresponding event = HANNE TE 
& — p (0.05 vs fenton mm ESMOLOL 150mg © 


60 


PERCENT CHANGE IN HEART RATE 


fixed dose of each drug so that one investigator 
(E.A.D.) could rapidly, conveniently, and accurately 
prepare the solutions so that the same volume (15 
mL) would always be used. In this manner the 
blinded investigators would not know which drug 
was being given. Also, one investigator (S.M.H.) 
intubated all 80 patients; in this way we believed the 
stimulus associated with intubation was, in all pa- 
tients, as similar as possible under clinical conditions. 





EVENT — minutes 





Figure 1. Percent changes in HR in the four groups from induction 
to minute 5. Esmolol is protective, but lidocaine and fentanyl are 
not. Values are mean + SE. 


Lidoca:ne has been found to be only inconsistently 


effective in preventing cardiovascular changes asso- 
ciated wich tracheal intubation. Doses of 1.5 mg/kg 
administered 4 min before intubation attenuated hy- 
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Table 2. Systolic Blood Pressure 
SBP Percent change in SBP 
Placebo Lidocaine Fentanyl Esmolol Placebo Lidocaine Fentanyl Esmolol 
Time (n = 20) (n = 20) ( = 20) (n = 20) (n = 20) (n = 20) (n = 20) (n = 20) 
Baseline/induction 132 + 5 129 + 4 134 + 4 130+ 4 0 0 0 0 
0 (Study drug) 131+ 4 1277 +4 138 +5 134 +4 1+3 ~1+2 342 342 
1 (Succinylcholine) 136 +5 113 + 5* 122 + 5° 107 + 4° 422 -11 + 4 -8 t 4 -17 + 7 
2 (Intubation) 160 +7 144 + 8 139 + 8 135 + 4 23 +5 13 +6 425° 5+ 4 
3 176 +5 153 + & 150 + 6° 153 + 5* 36 +5 20 + 6 12 £ 3 19 + 4* 
4 172 + 6 148 + 7 143 + 5 152 + 5° 32 + 4 16 + 6 84 7+x 
5 168 + 6 144 + 5 135 + 7 142 + 5 28 + 3 13 + 4 2+ 4 10 + 3* 
6 155 + 5 134 + 5* 126 + 5° 133 + 5° 19+ 4 5 + 5 -5 + 3 37 
7 147 +5 127 + 3 119 + 5 125 + 5* 13 +3 0 + 4° —10 + 4* -4+3 
8 138 + 5 121 + 4 114 + 4 119 + 4° 623 -5 +4" -14 + 3 -8 t7 
9 134 t4 117 + 4° 109 + 4° 115 + 4° 343 -8 +37 -17 + 4" -11 + 37 
10 128 + 5 110 + 3 105 + 3” 114 + 4% -2 t3 ~13 = 4 -20 + 3 -11 + 7 
11 129 + 5 109 + 4“ 104 + 3 113 + 4“ -144 ~14+ 4 —-21 4 3° -12 + 3 
12 245 109 + 3 104 + 37 113 + 4 -5 +3 ~14+4 —21 + ¥ ~12 +3 





SBP, systolic blood pressure, 
Values are mean + SE. 
“P < 0.05 versus placebo. 


PERCENT INCREASE FROM SASELINE 





Figure 2, Maximum foe increases in HR and SBP after intu- 
bation. Only esmolol protects against increases in HR. All three 
drugs protect against increases in SBP. 


pertension but not tachycardia (2). When given 2 min 
before intubation, lidocaine failed to protect against 
increases in SBP or HR (3), but when given 1.5 min 
before intubation, lidocaine did protect against 
changes in SBP (HR not studied) (4). Finally, 2 mg/kg 
lidocaine given 1 min before intubation was ineffec- 
tive in the prevention of increases of HR or blood 
pressure (SBP) (5,6). We used a large dose of 200 mg 
of lidocaine (2.5 mg/kg in the average patient) 2 min 
before intubation. It still failed to protect against HR 
increases; SBP increases were, however, lessened. 
We believe the “usual” lidocaine dose of 100 mg (half 
the dose used in this study) will not reliably blunt 
increases in both HR and BP. 

Ina study of fentanyl at increasing doses of 0, 2, 5, 
10, and 15 pg/kg given with a “sleep” dose of 





thiopental and pancuronium less than 4 min before 
intubation, it was found that, starting with the 
3-ug/kg dose, increases in mean arterial pressure 
above preinduction values were prevented, but that 
10 yg/kg was required to prevent increases in HR 
above baseline levels (7). Doses >5 g/kg were asso- 
ciated with an 11%-45% incidence of hypotension 
(mean arterial pressure, 70 mm Hg or less). Others 
have found that both 1.5 and 3 ug/kg of fentanyl 4 
min before intubation effectively attenuated both BP 
and HR increases (2,8). Starting at minute 5 the trend 
in our study was in the direction of lower SBP levels 
in the fentanyl group than in the lidocaine and 
esmolol groups. This may have been due to the 
synergistic effect of fentanyl with isoflurane. In our 
study, 2.5 ug/kg of fentanyl effectively blunted the BP 
but not the HR response to tracheal intubation. 
Esmolol, with its 9-min elimination half-life, blunts 
tachycardia and hypertension when administered by 
bolus 2 min before intubation (11,12). It has been 
safely administered as a 300-mg bolus to healthy 
exercising subjects (13), and single-bolus injections of 
100-200 mg 2.5-3 min before intubation have limited 
the HR and SBP responses (14). In this study, 150 mg 
esmolol was effective and safe in preventing the 
increases in HR and SBP after intubation. Mean HRs 
were in the narrow range of 78-83 beats/min during 
intubation and for the subsequent 10 min. After 
intubation the decrease in SBP was less with 150 mg 
of esmolol than with 200 ug of fentanyl (P > 0.05). 
We failed to detect a difference in the ability of 
lidocaine, fentanyl, and esmolol to prevent SBP in- 
creases; this does not necessarily mean that no true 
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difference in effect between the three drugs exists. 
However, power analysis of percent change of SBP at 
minutes 2 and 3, when one would expect the highest 
BP, results in values well below the 80% level re- 
quired to exclude a type II error. It is probably safe to 
conclude that there is no difference between groups. 

Weaknesses of our study are as follows: (a) a fixed 
dose of the study drug was given at a fixed time 
before intubation; if the drug had been given in 
greater dose or at a different time, lidocaine or fen- 
tanyl might have been more effective; (b) the small 
number of patients that existed in each group (20) 
might have precluded our ability to detect differences 
between groups; and (c) patients were premedicated 
with glycopyrrolate, which perhaps altered re- 
sponses of HR to tracheal intubation. Although dif- 
ferent dosages or time intervals may have influenced 
the effectiveness of fentanyl, they might also have 
caused hypotension or respiratory depression. With 
respect to lidocaine, the literature does not support 
predictable effectiveness even at 4 min before intuba- 
tion. Despite the power analysis results, the small 
sample size may account for our inability to detect 
differences between lidocaine, fentanyl, and esmolol 
in preventing SBP increases. As far as use of glyco- 
pyrrolate in all patients in our study is concerned, in 
all four groups, we believe the administration of an 
anticholinergic before general anesthesia and tracheal 
intubation so increases safety that it would be inap- 
propriate to omit it for the sake of increasing the 
pharmacologic priority of our study. 

We conclude that 150 mg of esmolol provides 
consistent and reliable protection from increases in 
both HR and SBP during and after intubation. 
Lidocaine (200 mg) and fentanyl (200 yg) fail to 
protect against increases in HR, but do provide 
protection against increases in SBP equivalent to that 
provided by esmolol. We suggest that clinicians de- 
siring to provide protection for their patients against 
intubation-related changes in HR and BP utilize an 
esmolol bolus 2 min before intubation as in this 
study. 


HELFMAN ET AL. 
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We evaluated the efficacy of a computer-assisted continuous 
infusion device (CACI) using a two-drug infusion of mida- 
zolam and sufentanil as an anesthetic technique during 
pediatric cardiac surgery. Seventeen pediatric patients were 
anesthetized with CACI using age-appropriate pharmacoki- 
netic models for administering sufentanil and midazolam. 
Predicted CACI plasma concentrations were correlated with 
assayed plasma drug concentrations at eight predefined 
intervals. The accuracy was assessed using median absolute 
prediction error. We found that plasma levels predicted by 


CACI provided a reasonable approximation of measured 
plasma concentrations for both drugs. The median absolute 
prediction error for sufentanil during cardiopulmonary 
bypass was compared with measurements made off of 
cardiopulmonary bypass (both pre and post cardiopulmo- 
nary bypass) and were 49% and 32%, respectively, and for 
midazolam 44% and 32%, respectively. We conclude that 
(a) current kinetic models provide a reasonable estimate of 
plasma drug concentrations, and (b) the ease of administra- 
tion and targeted plasma level provided by the CACI system 
is an alternative to inhalation anesthesia using calibrated 
vaporizers. 


Key Words: ANESTHESIA, PEDIATRIC. 
ANESTHETIC TECHNIQUES, INTRAVENOUS 
INFUSIONS. 








Continuous infusions of an opioid and of combina- 
tions of an opioid and a benzodiazepine have re- 
ceived substantial interest as anesthetic regimens for 
cardiac surgery (1). The advantage of these tech- 
niques is hemodynamic stability with a dosage 
scheme that results in a precise range of plasma 
concentrations that are both efficacious and pharma- 
cologically sound, i.e., within a narrow therapeutic 
index (1-4). This approach provides a satisfactory 
anesthetic effect, with hemodynamic stability, mini- 
mal drug side effects, and a rapid recovery from 
anesthesia. Current techniques for continuous infu- 
sions of intravenous anesthetic agents rely on devices 
that administer drugs at a constant rate (e.g., Bard, 
Baxter) with volumetric infusion pumps. These sys- 
tems allow for both drug administration in a con- 
trolled fashion and bolus supplementation where 
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clinically necessary to suppress responses to intuba- 
tion, skin incision, and sternotomy, for example. The 
advantages of these devices over traditional bolus 
techniques are less hemodynamic instability, sup- 
pression of cortisol and vasopressin responses during 
cardiopulmonary bypass, reduced need for vasoac- 
tive agents, and decreased total anesthetic dosages 
(1-4). The disadvantage is that these drugs are asso- 
ciated with such hemodynamic stability that without 
feedback to the anesthesiologist to assess actual 
plasma drug levels, relative anesthetic overdose is 
common. Recently, the concept of a computer- 
assisted continuous infusion system (CACI) that uti- 
lizes known pharmacokinetic data and a three- 
compartment model of drug redistribution to predict 
actual plasma drug levels in nanograms per milliliter 
has been proposed (5). The advantage of this system 
is that central compartment plasma levels can be 
attained, maintained, and regulated to anticipate 
noxious stimuli such as laryngoscopy and sternotomy 
(6). Thus, intravenous anesthetics can be adjusted in 
the same manner that alveolar concentrations of 
inhaled anesthetics are managed with a calibrated 
vaporizer, 
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The application of this technique to combined 
narcotic/benzodiazepine anesthetics for children un- 
dergoing cardiopulmonary bypass for congenital 
heart surgery is appealing in that constant anesthetic 
levels not only are important for hemodynamic sta- 
bility but also play a role in balancing blood flow 
between systemic and pulmonary circulation (7) and 
in reducing pulmonary vascular responsiveness (8). 
The use of a combined opioid/benzodiazepine anes- 
thetic reduces the high plasma concentrations of 
narcotic that are often necessary to provide adequate 
levels of anesthesia when used as a sole anesthetic, as 
reported for fentanyl, sufentanil, and alfentanil dur- 
ing adult cardiac and noncardiac surgery (1,2,3,5,9). 
This in turn may translate into less postoperative 
ventilatory depression and allow for early weaning 
from mechanical ventilatory support. For these rea- 
sons, we evaluated the efficacy and feasibility of a 
CACI device during pediatric cardiac anesthesia us- 
ing a two-drug infusion system of midazolam and 
sufentanil. 


Methods 
System Description and Computer Model 


The CACI system consists of a portable microcom- 
puter (Datavue, model 25) interfaced to a digitally 
controllable drug infusion pump (Abbott Laborato- 
ries, Lifecare model 4) programmed with an age- 
appropriate pharmacokinetic model for midazolam 
and sufentanil. Sufentanil pharmacokinetics were de- 
fined using the three-compartment models derived 
from data for neonates, infants, and children re- 
ported by Greeley et al. (10); these models were 
scaled for age group and body weight. A separate 
pharmacokinetic model was used for four different 
age groups (1-30 days, 1 mo-2 yr, 2-12 yr, and 12-18 
yr). Drug dosing was then adjusted for body weight 
within each age group. The pharmacokinetic model 
for midazolam was based on published adult phar- 
macokinetics scaled for body weight, i.e., there was 
no adjustment made for differing pharmacokinetics 
based on age (11). A schematic illustration of the 
CACI device is shown in Figure 1. 

The CACI system included a burette filled with 
sufentanil and a burette filled with midazolam. The 
pump and intravenous tubing were primed with the 
infusate and attached to the proximal port of a central 
venous catheter or an indwelling peripheral venous 
catheter. The anesthesiologist used the computer 
keyboard to specify the patient's weight (kg) and the 
desired plasma concentration of sufentanil and mida- 
zolam (set point), which was entered in units of 
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Figure 1. Schematic representation of the CACI system. Cpd = 
desired plasma drug concentration; Cpp = predicted plasma drug 
concentration using the computer-driven pharmacokinetic model. 


nanograms per milliliter. At 9-s intervals, a real-time 
simulation of a pharmacokinetic model for sufentanil 
and midazolam predicted the current plasma concen- 
tration. At these same intervals, the set point and the 
predicted concentration were acted on by the infu- 
sion algorithm to determine the optimal drug infu- 
sion rate required to achieve or maintain the set point 
by the end of the next 9-s interval. Every 9 s the 
computer interrogated the infusion pump to obtain 
information about the volume of drug infused and 
about the error status of the pump. The infusion rate 
used by the pump was communicated electronically 
to the host computer and entered into the pharma- 
cokinetic simulation so that the next prediction could 
be computed. During a significant error condition 
such as occlusion of the intravenous catheter, the 
pump automatically reverted to an infusion rate of 0 
mL/h, but because this information was transmitted 
to the host computer, which also alerted the user of 
the specific error condition, the infusion algorithm 
automatically compensated for the period of interrup- 
tion when the problem was corrected. The software 
program allowed the anesthesiologist to adjust the 
set point as frequently as clinically indicated. 

The drug infusion algorithm has been described in 
detail by Jacobs (12).The pharmacokinetic simulation 
was implemented using difference equations forming 
a discrete approximation to the linear differential 
equations describing the three-compartment open 
pharmacokinetic model with drug administration 
into the central compartment and drug elimination 
from the central compartment (13). 


Patients and Protocol 


After Internal Review Board approval and informed 
parental consent, 17 pediatric patients ranging in age 
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from 3 days to 16 yr undergoing general anesthesia 
and cardiopulmonary bypass (CPB) for repair of 
congenital cardiac defects were studied. Exclusion 
criteria for our study included history or biochemical 
evidence of hepatic or renal disease or use of enzyme- 
inducing drugs, e.g., phenobarbital. In two patients a 
pump malfunction resulted in early termination of 
the study, and these data points were not included in 
the results. Oral premedication consisting of 3 mg/kg 
meperidine, 0.1 mg/kg diazepam, and 2 mg/kg pen- 
tobarbital was administered to all children over 9 mo 
of age approximately 1 h before arrival in the operat- 
ing room. Children under the age of 9 mo received no 
premedication. 

Anesthetic induction was achieved using the CACI 
system in eight patients. These patients came to the 
operating room with central or peripheral intrave- 
nous catheters in place. In the remaining nine pa- 


tients, anesthesia was induced using halothane by - 


face mask. On achieving an adequate level of anes- 
thetic, a peripheral intravenous catheter and intraar- 
terial cannula were placed, halothane was discontin- 
ued, and the CACI delivery system was begun. All 
patients received pancuronium as the sole muscle 
relaxant. Initial loading doses of sufentanil and mi- 
dazolam were targeted to achieve a plasma concen- 
tration ranging between 0.5 and 3 ng/mL and 25 and 
100 ng/mL, respectively. Appropriate levels of anes- 
thesia were determined by the anesthesiologist by 
assessing hemodynamic response to surgical stimuli 
and were adjusted by altering the predicted plasma 
level of midazolam and sufentanil with the CACI 
system. The end-point for the titration of the two 
drugs was stable hemodynamics, not specific plasma 
concentration, and therefore individual variability in 
pharmacokinetics and required plasma concentra- 
tions were approached in the same manner as with a 
calibrated vaporizer. The CPB circuit used polypro- 
pylene tubing and a Cobe membrane oxygenator, 
which have minimal absorption of sufentanil or mi- 
dazolam (14). 

At eight predetermined intervals, the predicted 
drug concentrations for midazolam and sufentanil 
were recorded and arterial blood samples were 
drawn for analysis of plasma sufentanil and midazo- 
lam levels. A 10-min period was allotted for drug 
equilibration after any increase in infusion rate to 
assure stable drug levels. The sampling intervals 
were (a) postinduction, (b) sternotomy, (c) pre-CPB, 
(d) CPB before cooling, (e) CPB with stable hypother- 
mic temperature, (f) CPB rewarmed to normother- 
mia, (g) after separation from CPB, and (h) sternal 
closure. A total of 240 samples were assayed, 120 for 
midazolam and 120 for sufentanil. Each sample was 
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Figure 2. Graphic representation of the mean + sp of the CACI- 
predicted concentrations and the actual measured plasma concen- 
trations for midazolam. Predefined intervals are (1) postinduction, 
{2) sternotomy, (3) pre-CPB, (4) on CPB before cooling, (5) CPB 
with stable hypothermic temperature, (6) rewarmed to normother- 
mia on CPB, (7) after separation from CPB, and (8) sternal closure. 


immediately placed on ice. Once all 16 samples were 
collected for each patient (eight midazolam and eight 
sufentanil), the samples were centrifuged and the 
plasma was transferred to new tubes for storage at 
—70°C until assayed. Plasma concentrations of sufen- 
tanil and midazolam were determined in duplicate by 
radioimmunoassay and high-performance liquid 
chromatography, respectively, for comparison with 
predicted CACI drug concentrations (15,16). At all 
eight sampling intervals, heart rate, mean arterial 
blood pressure, central venous pressure, and any 
patient response were recorded. 

Results were expressed as mean + sp for both the 
predicted and assayed levels of both drugs. Accuracy 
af the CACI device was assessed by calculating the 
median of the percent absolute prediction error 
(% APE), where (% APE) = IM — P/P| x 100 and M = 
measured drug level, P = predicted drug level (17). 
The %APE is a measure of how well a predicted value 
performs when compared with a standard measure- 
ment method. Data are presented as a percentage of 
the values that typically “miss” the targeted mea- 
sured value. The median rather than mean APE was 
chosen because we could not assume a normal dis- 
tribution for the data. 


Results 


The mean + sp plasma levels for midazolam and 
sufentanil are graphically represented in Figures 2 
and 3. Both drugs show remarkably similar patterns 
for both the predicted and assayed drug concentra- 
tions. Concentrations predicted by CACI tended to 
underestimate the amount of drug in the central 
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Figure 3. Graphic representation of the mean + sp of the CACI- 
predicted concentrations and the actual measured concentrations 
for sufentanil. Predefined intervals are (1) postinduction, (2) ster- 
notomy, (3) pre-CPB, (4) on CPB before cooling, (5) CPB with 
stable hypothermic temperature, (6) rewarmed to normothermia 
on CPB, (7) after separation from CPB, and (8) sternal closure. 


compartment after administration of the loading dose 
(interval 1) when compared with the assayed level for 
both drugs. During the pre-CPB measurements (in- 
tervals 2 and 3), CACI provided a reliable estimate of 
the assayed plasma concentrations for both drugs. 
During CPB (intervals 4-6), the CACI-system- 
predicted levels overestimated the actual assayed 
level. After separation from CPB (intervals 7 and 8), 
predicted and measured levels were statistically sim- 
ilar. Median percent absolute prediction error 
(% APE) was measured for sufentanil and midazolam 
both during CPB and compared with measurements 
made off of CPB (both pre- and post-CPB values). The 
% APE for sufentanil on and off CPB was 49% and 
32%, respectively. For midazolam the %APE on and 
off CPB was 44% and 32%, respectively. Thus the 
CACI device was more accurate, with a smaller 
percentage of values falling outside of the measured 
range when the patient was not on the extracorporeal 
circuit. The box plot of these data (Figures 4 and 5) 
shows the interquartile and full range for the data. 
These graphs show that the majority of CACI- 
predicted levels for sufentanil both on and off CPB 
fell within a narrow range. Midazolam levels pre- 
dicted by CACI had a much greater degree of disper- 
sion before and after CPB than during CPB. The total 
dose of sufentanil and midazolam administered dur- 
ing the operative period was 9.41 + 2.38 and 113.8 + 
37.8 ug/kg, respectively. The average anesthetic time 
was 288 + 97 min. Drug-related pertubations in 
hemodynamics were inconsequential during the 
loading period and maintenance phase of drug ad- 
ministration. Hemodynamic variables (blood pres- 
sure and heart rate) remained within 20% of baseline 
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tion error and the full range of values for midazolam on and off 
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tion error and the full range of values for sufentanil on and off CPB. 


measurements. During separation from CPB, anes- 
thetic levels were adequate as judged by hemody- 
namic stability and an absence of increased pulmo- 
nary vascular reactivity. 


Discussion 


Computer-assisted continuous infusions define a tar- 
get plasma concentration based on a known pharma- 
cokinetic model and produce drug levels that fall 
within a narrow therapeutic window known to be 
effective and to have minimal side effects (1). The 
advantage of these systems over conventional infu- 
sion devices that infuse drugs at a fixed rate lies in the 
exponentially declining infusion rate as well as the 
feedback provided by a predicted plasma concentra- 
tion (1,2). This avoids the initial hemodynamic insta- 
bility associated with bolus injections of drugs and 
with relative anesthetic overdose common to conven- 
tional narcotic-based infusion techniques. Several 
studies have evaluated the efficacy of opioids admin- 
istered by a computer-assisted continuous technique 
during cardiac and noncardiac operations and have 
generally found greater hemodynamic stability, 
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fewer side effects (hypotension, bradycardia, muscle 
rigidity, and postoperative ventilatory depression), 
and a reduction in the total dose of drug required to 
achieve satisfactory anesthetic conditions (1-3,9). 

The application of CACI to anesthetizing children 
undergoing CPB for congenital heart surgery is ap- 
pealing because anesthetic administration is impor- 
tant in maintaining hemodynamic stability as well as 
in balancing blood flow between the systemic and 
pulmonary circulation (6) and in reducing pulmonary 
vascular responsiveness (8). A critical period of anes- 
thetic management for children and especially neo- 
nates is separation from CPB. Typically, management 
goals include administration of sufficient anesthetic 
drug to minimize oxygen consumption, reduce myo- 
cardial work and pulmonary vascular reactivity, yet 
at the same time avoid anesthetic-related hemody- 
namic suppression. Current strategies are to give 
patients bolus injections of moderately high doses of 
narcotic during the rewarming period of CPB to 
assure adequate levels of anesthesia. The negative 
aspects of this strategy are greater postoperative 
ventilatory depression and the inability to evaluate 
neuropsychiatric status in the immediate postopera- 
tive period. 

In our study using CACI, we were able to maintain 
stable, effective levels of anesthesia during separation 
fram CPB and still provide early postoperative neu- 
rologic assessment and early extubation when indi- 
cated. A combination of opioid and benzodiazepine 
was chosen to provide a balanced anesthetic tech- 
nique (18). Each drug offered a specific pharmaco- 
logic benefit (sufentanil—analgesia, midazolam— 
sedation/amnesia) and, when used in combination, 
allowed for individual drug titration to attain the 
specific effect for each drug. The use of opioids alone 
may not be ideal, because relatively high plasma 
levels are required to achieve acceptable surgical 
conditions and because opioids do not provide the 
sedative and amnestic properties that complement a 
complete anesthetic (1,18). Therefore, we elected to 
evaluate the efficacy and feasibility of a two-drug 
CACI system using sufentanil and midazolam during 
pediatric cardiac anesthesia. 

The initial sample measurement made after induc- 
tion indicates that the kinetic model underestimated 
the assayed level. This suggests that the central 
compartment may be larger than predicted by this 
model. Several factors may contribute to the size of 
the central compartment: (a) patient age, (b) presence 
of capillary leak, and/or (c) preoperative pulmonary 
edema. Patient age is important because the volume 
of distribution has been shown to increase by as 
much as 21% within the first 3-4 wk of life and then 
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decrease slowly during the next 12-24 mo (10,19). 
The current kinetic model uses an average value for 
neonatal (0-1 mo) volume of distribution for sufenta- 
nil and no kinetic change for midazolam and thus 
does not account for these early age-related changes 
in volume of distribution. Pulmonary edema, in- 
creased total body water due to shunt physiology; 
poor nutrition, or the use of prostaglandins E, may 
increase the patient’s volume of distribution. These 
factors were not accounted for by the kinetic model. 

The extracorporeal circuit adds several variables 
affecting drug biodisposition during CPB (20). The 
first is hemodilution. In adult patients, the extracor- 
poreal circuit typically dilutes the extracellular fluid 
volume (ECF) by approximately 13%. In neonates 
and infants, the fluid volume added by the pump 
prime may dilute the extracellular fluid volume by as 
much as 60%. Additionally, pump oxygenators and 
pump tubing can bind drugs. This is especially a 
problem with the SciMed oxygenator, which uses a 
silicon rubber membrane (14). The binding of drug is 
less with polypropylene membranes such as the Cobe 
Variable Prime Membrane used in our institution 
(21). Our data demonstrate that initiation of bypass 
results in an overestimation of actual assayed plasma 
levels for both sufentanil and midazolam. This is 
reflected in Figures 2 and 3 and by the larger %APE 
(% predictive error) during the bypass period for both 
drugs when compared with pre- and post-CPB mea- 
surements. This most likely reflects hemodilution 
and possibly some binding of drug by the pump 
oxygenator. 

The fact that assayed levels approach predicted 
level after CPB suggests that the current model may 
overestimate the rate of drug clearance or elimination 
half-life in pediatric patients undergoing CPB. Sev- 
eral investigators have shown both delayed clearance 
and prolonged elimination half-life for adult and 
pediatric patients after CPB (20,21). This most likely 
relates to the effects of nonpulsatile perfusion and 
hypothermia on hepatic and renal function as well as 
altered regional blood flow both during and after CPB 
(13,22,23). Changes in the kinetic model may be 
necessary to avoid plasma drug accumulation espe- 
cially if CACI use is expanded to include postopera- 
tive sedation and pain control in an intensive care 
unit setting. In these circumstances, alterations in the 
kinetic model seem warranted. 

This study demonstrates the feasibility and efficacy 
of a computer-assisted infusion device in neonates, 
infants, and children during pediatric surgery. Our 
data suggest that current kinetic models for sufenta- 
nil and midazolam provide a reasonable estimate of 
plasma drug concentrations in children and that 
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neither the initiation of nor the separation from CPB 
limits the applicability of CACI techniques in this 
group of patients. The ease of administration and the 
feedback offered by estimated plasma concentrations 
provide a system that may be the equivalent of 
inhalation anesthesia using a calibrated vaporizer 
with the salutatory hemodynamic benefits of narcot- 
ic-based anesthetics. Because many pediatric cardio- 
vascular patients are unable to tolerate the negative 
inotropic effect of inhalation anesthesia due to ven- 
tricular dysfunction, narcotic-based anesthetics are 
preferred. A CACTI infusion of combined opioid/ 
benzodiazepine offers a more rational and improved 
approach to bolus narcotic dosing. The greater stabil- 
itv in drug kinetics and reduced total drug require- 
ment improve intraoperative hemodynamics, allow 
for early postoperative evaluation for neurologic se- 
quelae, and provide for the potential of less postop- 
erative ventilatory depression in the pediatric cardiac 
patient. Although discrepancies exist between pre- 
dicted and assayed values, the ability of CACI to 
target intravenous anesthesia to a plasma level may 
provide an approach to the administration of intrave- 
nous anesthetics that is more physiologic and phar- 
macologic than current techniques. Minor refine- 
ments in the kinetic model would result in a better 
predictor of actual plasma concentrations and pro- 
mote additional utility of this approach in postoper- 
ative and general intensive care unit management for 
neonates, infants, and children. 
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The effectiveness of glyceryl trinitrate (nitroglycerin) in 
controlling myocardial ischemia and blood pressure during 
coronary artery bypass graft surgery is frequently lost 
during surgery, possibly as a result of drug sequestration by 
the cardiopulmonary bypass circuit. The objective of this 
study was to utilize a gas-liquid chromatographic assay to 
determine the extent of remova! of glyceryl trinitrate from 
the priming fluid by the bubble and membrane oxygenators. 
The apparatus was maintained at either 25 or 37°C, the two 
extreme temperatures experienced by the patient during 
bypass surgery. At apparent steady state, the circulating 
glyceryl trinitrate concentration was decreased by 20.6%, 


One recent application of glyceryl trinitrate (GTN; 
nitroglycerin) has been the treatment of ischemia and 
the control of blood pressure during coronary artery 
bypass graft (CABG) surgery (1). Unfortunately, the 
effectiveness of GTN in controlling blood pressure is 
sometimes lost during cardiopulmonary bypass 
(CPB). This may be due to alterations of the pharma- 
cokinetics and the pharmacodynamics of GTN that 
occur with the onset of CPB (2). In this regard, Dasta 
et al. demonstrated lower plasma concentrations of 
GTN (increased clearance) during bypass in patients 
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45.6%, and 67.3% with the Maxima membrane oxygen- 
aior, Cobe membrane oxygenator, and Bentley bubble oxy- 
genator, respectively. The three-layer defoaming filters that 
are used in the Bentley bubble oxygenator were studied by 
immersing each of the three filters in fluid containing 
60 nM glyceryl trinitrate and monitoring the drug concen- 
tration in Plasmalyte. The filters sequestered approximately 
90% of the glyceryl trinitrate from the bathing solution of 
which 31% was recovered with a single methanol wash of 
the polyurethane filter. These data demonstrate that the 
different oxygenators used in the cardiopulmonary bypass 
circuit remove glyceryl trinitrate to varying degrees from 
the circulating fluid. 


Key Words: PHARMACOLOGY, NITROGLYCERIN. 
ANESTHESIA, CARDIOVASCULAR—cardiopulmonary 
bypass. 


undergoing CABG surgery (3). Contrary to these 
findings, we have observed increased plasma concen- 
trations of GTN (decreased clearance) during the CPB 
procedure in CABG patients (4). 

We hypothesized that the increased clearance of 
GTN found by Dasta et al. (3) might have been due, 
in part, to sequestration of GIN by the CPB equip- 
ment, which consisted of a Bentley Spiraflo BOS-10S 
bubble oxygenator. Several reports have indicated 
that certain types of plastics, most notably polyvinyl- 
chloride, adsorb GTN (5). Because the components of 
the CPB unit are constructed extensively of plastic 
and because the patient’s blood comes into intimate 
contact with these foreign surfaces, GTN removal 
may occur. The objective of our study was to deter- 
mine to what extent bubble and membrane oxygen- 
ators remove GTN from the fluid circulating within 
them. Using a simplified CPB model and a gas-liquid 
chromatographic assay, we determined that GIN 
was adsorbed by both types of oxygenator, but to a 
greater extent by the bubble oxygenators. 
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Materials and Methods 
Chemicals 


Glyceryl trinitrate was obtained as a solution (Tridil, 
5 mg/mL) in ethanol, propylene glycol, and water 
(1:1:1.33, vol/vol/vol) from Du Pont Pharmaceuticals, 
Scarborough, Ontario. Isoidide dinitrate was a gift 
from Dr. L. Douglas Hayward, University of British 
Columbia, and was used as an internal standard in all 
GTN assays. Plasmalyte, a balanced electrolyte solu- 
tion (with the following constituents in mEq/L: Na”, 
140; K*, 5; Mg**, 3; Cl”, 98; acetate, 27; gluconate, 
23) at pH 7.4, was obtained from Travenol Canada, 
Inc., Mississauga, Ontario. Surfacil (Pierce Chemical 
Co. Ltd., Rockford, Ill.) was used as a 10% (vol/vol) 
solution in toluene to silanize all glassware in order to 
prevent adsorption of GTN to the glass. 


Apparatus 


The experimental apparatus consisted of a roller 
pump (Travenol model 3500; Sarins Inc., Ann Arbor, 
Mich.) connected either to a bubble oxygenator or to 
a membrane oxygenator by a 1.83-m length of poly- 
vinylchloride tubing (Bentley Bypass 70 tubing, 
95.25-mm inner diameter). A new length of poly- 
vinylchloride tubing was used in each experiment. 
The bubble oxygenator studied was a Bentley 
Spiraflo BOS-10S bubble oxygenator (Bentley Labora- 
tories, Inc., Irvine, Calif.). The two types of mem- 
brane oxygenator studied were the Maxima Hollow 
Fiber oxygenator (Medtronic Blood Systems, Inc., 
Anaheim, Calif.) and the Cobe CML Blood Oxygen- 
ators kindly donated by Walter Poprawa and Karen 
Linker of Cobe Canada, Ltd. (Scarborough, Ontario). 
Two Heto circulating waterbaths were used to 
maintain the apparatus at either 25 or 37°C. 


Time-Course of Glyceryl Trinitrate Concentration in 
Plasmalyte 


The temperature protocol was designed to simulate 
the temperatures experienced by patients during 
CABG surgery. Initially the apparatus was main- 
tained at 37°C. This was followed by a 15-min period 
at 25°C, and then the apparatus was rewarmed to 
37°C for the final 15-min period. Significant differ- 
ences in the GTN concentrations at the different 
temperatures were determined by comparing the 
mean GTN concentrations during the 25°C and final 
37°C period by Student's t-test for paired data (P < 
0.05). 
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The circulating fluid was 1000 mL of Plasmalyte 
that had been warmed to 37°C. Glyceryl trinitrate was 
added to the Plasmalyte to give a concentration of 6 x 
107° M before priming the apparatus, and a 4.0-mL 
sample was taken to ascertain the initial concentra- 
tion of GTN. After priming the apparatus, 4.0-mL 
samples were withdrawn with ice-cold glass syringes 
via a sampling port on the oxygenator, placed in 
silanized glass tubes, and frozen at ~20°C until the 
time of analysis. Samples were taken during each 
15-min temperature period (37, 25, then 37°C again) 
at 0, 1, 2, 5, 10, and 15 min. A sample was taken as 
the system was cooled (at 28°C), and another sample 
was obtained as the system was rewarmed (at 34°C) 
to the final 37°C period. Significant differences in the 
loss of GTN among the three types of oxygenators 
were determined by one-way repeated-measures 
analysis of variance of the percent loss of GTN during 
the 25°C and the final 37°C periods (P < 0.05). 


Immersion of Oxygenator Filters in Glyceryl 
Trinitrate-Plasmalyte Solution 


The Bentley bubble oxygenator and the Cobe mem- 
brane oxygenator have defoaming filters incorpo- 
rated into their structures. To determine the extent of 
GTN removal by the defoaming filter, the filter from 
the Bentley bubble oxygenator, which consists of 
three layers (polypropylene, polyurethane, and poly- 
ester tricot) was studied. Glyceryl trinitrate was 
mixed with 1000 mL of warmed Plasmalyte (37°C) to 
give a final concentration of 6 x 10°" M. The poly- 
urethane filter was immersed in the solution, which 
was then continuously mixed with a magnetic stirrer. 
Samples of the GTN-containing Plasmalyte were 
taken after 5 and 20 min of immersion. The filter was 
transferred to a fresh 2-L glass beaker, washed with 
300 mL of GTN-free Plasmalyte, and wrung out by 
hand. The filter then was transferred to another 2-L 
glass beaker and washed with 200 mL of methanol. A 
4.0-mL sample of the methanol wash was taken, and 
duplicate 1.0-mL aliquots were obtained. Isoidide 
dinitrate, the internal standard, was added and these 
samples were evaporated to dryness. The residue 
was redissolved in 100 uL of benzene and frozen at 
-20°C until analysis the following day. The polypro- 
pylene and polyester tricot filters were immersed 
together in the GTN-Plasmalyte solution after re- 
moval of the polyurethane filter, and samples were 
obtained and prepared as described above. To deter- 
mine significant differences in the GTN concentra- 
tions in the Plasmalyte during each treatment, a 
one-way repeated-measures analysis of variance was 
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Figure 1. The mean (+sp) percent loss of GTN from the Plasma- 
lyte during circulation through the Bentley bubble oxygenator (—) 
(n = 4), Cobe membrane oxygenator (—) (n = 3), and Maxima 
membrane oxygenator (—.—) (n = 4). The temperature protocol 
simulates the temperatures experienced by patients undergoing 
CABG surgery. 


performed (P > 0.05). The amounts of GTN recov- 
ered from the filter washes were compared by Stu- 
dent’s t-test for paired data (P < 0.05). 


Gas-Liquid Chromatographic Assay for Glyceryl 
Trinitrate 


The determination of GTN concentration was con- 
ducted using the method developed in this laboratory 
(6). The extraction of samples was the same as previ- 
ously described (6) except that samples were ex- 
tracted from Plasmalyte instead of plasma. Aqueous 
GTN standard curves were determined in duplicate 
for the concentration range of 107? to 6 x 107° M 

The same assay was used to determine the concen- 
trations of the glyceryl dinitrates (6). 


Results 


Figure 1 shows the mean percent loss of GIN from 
the fluid circulating through the apparatus when 
equipped with each type of oxygenator. The mean 
GTN concentration for each time point was calculated 
from the data collected from the four oxygenators 
studied for each type of oxygenator. At apparent 
steady state, the mean GTN concentration in the 
circulating fluid was calculated from the means for 
each time point. The mean GTN concentration in the 
Plasmalyte was decreased by 67.3% with the Bentley 
bubble oxygenator, 46.6% with the Cobe membrane 
oxygenator, and 20.6% with the Maxima membrane 
oxygenator. These concentrations differed signifi- 
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Table 1. Mean Percent Glyceryl Trinitrate Remaining in 
Plasmalyte After Filter Immersion* 











Time (min) % Initial GTN 
0 100 
Polyurethane filter 5 26.2 + 4.0° 
20 11.5 + 2.7 
Polypropylene/polyester tricot 5 92.6 + 0.5 
20 95.4 + 1.2 





GTN, glyceryl trinitrate. 

Data are presented as mean + sp (n = 3). 

*Sixty nanomoles per Hter GIN was added to 1000 mL of Plasmalyte and 
the two groups of filter layers were separately immersed in the fluid. The 
concentrations of GIN were determined by gas-liquid chromatographic 
ney and calculated as a percentage of the starting concentration. 

ignificantly different from the three other groups (P < 0.05). 


cantly from one another (P < 0.05). There was no 
measurable glyceryl dinitrate, a metabolite of GTN, 
at any time point during the course of the experi- 
ment. 

To determine if temperature affected GTN loss 
from the circulating fluid, the mean GTN concentra- 
tions during the 25°C and the final 37°C periods were 
compared for each type of oxygenator. The mean 
(+sp) GTN concentrations at 25 and 37°C were 4.9 + 
0.4 and 4.7 + 0.2 ng/mL for the Bentley bubble 
oxygenator, 6.4 + 0.3 and 5.7 + 0.2 ng/mL for the 
Cobe membrane oxygenator, and 12.6 + 1.4 and 
12.3 + 1.4 ng/mL for the Maxima membrane oxygen-’ 
ator, respectively. In each case, no significant differ- 
ences were found, which indicated that temperature 
did not affect GTN loss. 

The results of the filter immersion experiments are 
presented in Table 1. The concentration of GTN in the 
Plasmalyte before and after 5-min and 20-min periods 
of filter immersion are presented. After 5 min of 
polyurethane filter immersion, 26.2% + 4.0% of the 
initial GTN concentration remained. After 20 min of 
immersion with this filter, only 11.5% + 2.7% of the 
initial GTN concentration remained. The polypropyl- 
ene and polyester tricot filters were immersed to- 
gether in the GIN-Plasmalyte solution after removal 
of the polyurethane filter. After 20 min of immersion 
with these filters, 95.4% of the initial concentration of 
GTN remained in the Plasmalyte. The concentrations 
of GTN remaining after 5 and 20 min of immersion 
with the polyurethane filter did not differ signifi- 
cantly. However, both were significantly different 
from control and from both of the periods of immer- 
sion with the polyester tricot/polypropylene filters. 

The percentages of GIN recovered by the metha- 
nol washes of the filters are presented in Table 2. 
After a single methanol wash of each filter, 31% of the 
initial amount of GTN in the Plasmalyte was recov- 
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pet le 2. Mean Percent Glyceryl Trinitrate Recovered 


m Plasmalyte With Methanof 
ore % GIN 
a “= ‘Polyurethane filter 31.3 + 22.2 
/ Polypropylene/polyester tricot 5.6 +4.72 


GTN, glyceryl trinitrate. 

Data are presented as mean + sp (n = 3). 

“After 20 min of filter immersion, each group of filter layers was removed 
from the Plasmalyte, rinsed with GIN-free Plasmalyte, wrung out by hand, 
and washed with 200 mL of methanol. Glyceryl trinitrate concentrations 

s- were determined by gas-liquid chromatographic assay, and GTN amounts 
BS -ere then calculated from the concentrations and the volumes of methanol 
2! Or,Plasmalyte used. The data were then presented as a percentage of the 





Š a amount of GTN. 
i ignificantly different from the polyurethane filter (P < 0.05). 


ered from the polyurethane filter, which was signifi- 
cantly different from the 5.6% recovered from the 
other two filter layers. 


Discussion 

The use of GTN to control blood pressure intraoper- 
atively is frequently unsuccessful, and this failure 
may be attributed, at least in part, to the CPB proce- 
dure. There are four aspects of CPB—namely temper- 
ature, hemodilution, altered regional blood flow, and 
adsorption to plastic—that are believed to be factors 
contributing to alterations of the pharmacokinetics 
and the pharmacodynamics of GTN, as well as other 
drugs (2). Components of the CPB apparatus, with 
which the patient’s blood comes in contact, are made 
of different types of plastic. The oxygenator, which 
temporarily performs gas exchange, is potentially the 
largest site for GTN sequestration. Extracorporeal 
oxygenation during CABG surgery can be achieved 
with either bubble or membrane oxygenators. These 
two types of oxygenator operate according to dif- 
ferent principles (7). Bubble oxygenators mediate gas 
exchange by directly bubbling oxygen into the pa- 
tient’s blood (7,8). This design requires a chamber 
large enough to accomplish gas exchange and a filter 
to sieve bubbles from the blood that are produced as 
a result of oxygenation. In the membrane oxygenator, 
gas exchange occurs across a thin, microporous mem- 
brane (9). In both cases, the patient’s blood comes 
into contact with foreign surfaces, which may serve 
as sites of adsorption for GTN. 

As shown in Figure 1, there was GTN loss from the 
circulating Plasmalyte for all three types of oxygen- 
ator studied. The absence of detectable glyceryl dini- 

. trate concentrations indicates that adsorption of GIN 
‘fad occurred rather than degradation of the drug. 
When comparing the 25°C period to the final 37°C 
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period, temperature did not appear to affect GTN loss 
once equilibrium had been attained. 

The Bentley bubble oxygenator adsorbed the most 
GTN, and the Maxima membrane oxygenator re- 
moved the least. The Cobe membrane oxygenator 
adsorbed an intermediate amount of GIN. These 
differences appear to be due to the different plastics 
used in each type of oxygenator. Both types of 
oxygenator are constructed with polycarbonate outer 
shells, but the membrane oxygenators are made with 
polypropylene microporous membranes. Polypropyl- 
ene reportedly does not adsorb GTN (5). The bubble 
oxygenator contains a three-layer filter, which con- 
sists of polypropylene, polyurethane, and polyester 
tricot (outside to inside), which sieves bubbles from 
the blood. Polyurethane is a material that has been 
reported to adsorb GTN (3,5). The results obtained 
with the Cobe membrane oxygenator, which is also 
made with polypropylene membranes, can be ex- 
plained by the small defoaming filter situated in the 
reservoir atop the oxygenator. It is a smaller version 
of the polyurethane device used in the Bentley bubble 
oxygenator, and it removes GTN. 

The data from Tables 1 and 2 support this expla- 
nation. In these experiments, the defoaming filters 
were removed from the Bentley bubble oxygenator; 
the different layers were separated; and each layer 
was immersed in GTN-containing Plasmalyte. The 
results in Table 1 show the percent of GIN remaining 
in the Plasmalyte at different times after the different 
layers of the filter were submerged. After 20 min of 
immersion with the polyurethane layer, only 11.5% 
of the GIN remained in the bathing solution, which 
indicated that 88.5% of the GTN was sequestered by 
this layer. The polypropylene and polyester tricot 
layers together removed 4.6% of the initial amount of 
GTN. Table 2 shows the percent of GTN that was 
recovered from the layers of the filter with a single 
wash of methanol. Thirty-one percent of the initial 
amount of GIN was recovered from the polyure- 
thane laver, and 5.6% was recovered from the poly- 
propylene and polyester tricot layers. These data 
conzirm that the GTN was sequestered by the filter, 
especially the polyurethane layer. The results of these 
experiments indicate that the defoaming filter, partic- 
ularly the polyurethane layer, is capable of removing 
substantial amounts of GTN. 

It is important to point out that some of the GTN 
adsorbed by all three types of oxygenator occurred in 
the polyvinylchloride tubing that was used. Polyvi- 
nylchloride is known to adsorb GTN (5). However, 
because of its other qualities, polyvinylchloride is 
widely used in the CPB units. This use of polyvinyl- 
chloride tubing in the CPB circuit does not explain the 


im 
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differences in the plasma GTN concentrations ob- 
served by Dasta et al. (3) and Cervenko et al. (4). In 
the present study, we have accounted for this vari- 
able by using the same length of new polyvinylchlo- 
ride tubing in each experiment. The differences in the 
amount of GTN lost in each type of oxygenator 
explain, at least in part, the differences in plasma 
GTN concentrations reported by Dasta et al. (3) and 
Cervenko et al. (4). 

In summary, the data from these experiments 
demonstrate that the membrane oxygenator removed 
less GTN than the bubble oxygenator. This difference 
appears to be due to the materials used in the 
different oxygenators. The polypropylene in the 
membrane of the membrane oxygenator did not 
remove much GTN, whereas the polyurethane de- 
foaming filter removed large quantities of GIN. Clin- 
ically, this may be important. The sequestration of 
GTN by the oxygenator during the CPB procedure 
would decrease the amount of GTN available to the 
patient and, as a consequence, would impair control 
of blood pressure. 


We wish to thank Beth Inglis for her contributions, Winston Orford 
for his support and expertise, and Kristine Fleming of Baxter, Inc., 
for her help. 


ANESTH ANALG 497 
1991;72:493~7 


References 


1. Flaherty JT. Nitrate tolerance: a review of the evidence. Drugs 
1989;37:523. 


2, Buylaert WA, Herrgods LL, Mortier EP, Bogaert MG. Cardio- 
pulmonary bypass and the pharmacokinetics of drugs: an 
update. Clin Pharmacokinet 1989;17:10. 


3. Dasta JF, Weber BJ, Wu LS, et al. Influence of cardiopulmo- 
nary bypass on nitroglycerin clearance. J Clin Pharmacol 
1986;26:165. 


4. Cervenko FW, Milne B, Parlow J, Pym J, Nakatsu K, Elliot D. 
Effect of cardiopulmonary bypass with a membrane oxygen- 
ator on plasma nitroglycerin levels. Can J Anaesth 1989;36 
(3 part I):S163. 


. Yacobi A, Amann AH, Baaske DM. Pharmaceutical consider- 
ations of nitroglycerin. Drug Intell Clin Pharm 1983;17:255. 


6. Booth BP, Bennett BM, Brien JF, et al. Assay of glyceryl 
trinitrate, isosorbide dinitrate, and their metabolites in plasma 
by large-bore capillary column gas-liquid chromatography. 
Biopharm Drug Dispos 1990;11:663. 


7. Ten Duis HJ, de Jong JFC, van Asseldonk AGM, Smit Sibinga 
CT, Wildevuur CRH. Improved hemocompatibility in open 
heart surgery. Trans Am Soc Artif Intern Organs 1978;24:656. 


8. Liddicoat JE, Bekassy SM, Beall AC Jr, Glaeser AH, Debakey 
ME. Membrane vs. bubble oxygenator: clinical comparison. 
Ann Surg 1975;181:747. 


9. Valdes F, Harasaki H, Meserko J, et al. Ex vivo evaluation of a 
new capillary membrane oxygenator. Trans Am Soc Artif 
Intern Organs 1981;27:270. 


in 


498 ANESTH ANALG 
1991;72:498-503 





One Hundred Percent Incidence of Hemidiaphragmatic Paresis 
Associated With Interscalene Brachial Plexus Anesthesia as 


Diagnosed by Ultrasonography 


William F. Urmey, MD, Karl H. Talts, Mp, and Nigel E. Sharrock, MB, ChB 


URMEY WF, TALTS KH, SHARROCK NE. One hundred 

percent incidence of hemidiaphragmatic paresis associated 
with interscalene brachial plexus anesthesia as diagnosed 

by ultrasonography. Anesth Analg 1991;72:498-503. 


Interscalene brachial plexus anesthesia for shoulder surgery 
routinely includes sensory anesthesia of the fourth and fifth 
cervical nerves. The authors reasoned that some degree of 
diaphragm paralysis should result from interscalene blocks 
that produce surgical C3-C5 sensory anesthesia. In this 
investigation, ultrasonography was used to study the inci- 
dence of ipsilateral hemidiaphragmatic paresis during rou- 
tine interscalene block, as it is a practical, sensitive, and 
low-risk method for diagnosing hemidiaphragmatic function 
without radiation exposure. Thirteen healthy patients re- 
ceived interscalene blocks using a paresthesia technique with 


Winnie et al. showed that interscalene injection of 
local anesthetic can affect the cervical as well as 
brachial plexuses (1). Studies of the spread of local 
anesthetic associated with brachial plexus block using 
contrast labeling or sensory examination have shown 
that spread may extend to the cervical area with 
interscalene brachial plexus injections as small as 10 
mL. The anatomic basis for rostral spread of local 
anesthetic is the continuous fibrous sheath that en- 
velops both brachial and cervical plexuses (2,3). It is 
reasonable to assume, therefore, that rostral spread 
from interscalene local anesthetic injections could 
routinely interfere with ipsilateral hemidiaphrag- 
matic function by blocking C-3 through C-5 motor 
nerves. 

Although acute respiratory failure has been re- 
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34-52 mL 1.5% mepivacaine with added epinephrine and 
bicarbonate. All developed cervical sensory anesthesia. Data 
were collected before and 2, 5, and 10 min after injection, 
and, when possible (11 of 13 patients), at hourly intervals 
after surgery. Changes from normal to paradoxical motion 
of the ipsilateral hemidiaphragm were seen in all 13 patients 
during sniff and Mueller maneuvers within 5 min (in 11 of 
13 patients at 2 min). Diaphragmatic motion returned to 
normal in 10 of 11 patients between 3 and 4 h after injection 
and in the remaining patient by the fifth hour after 
injection. Diaphragmatic paresis appears to be an inevitable 
consequence of interscalene brachial plexus block when 
providing anesthesia sufficient for shoulder surgery. 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL— interscalene block. 


ported after brachial plexus block (4), the incidence of 
unilateral hemidiaphragmatic paresis during inter- 
scalene block has not previously been prospectively 
evaluated. When cases of diaphragmatic paresis have 
been documented, onset and duration have not been 
established. 

The incidence of ipsilateral hemidiaphragmatic 
paresis varying from 28% to 80% has been found after 
supraclavicular brachial plexus block (5-7). The inci- 
dence during interscalene block may be greater be- 
cause tne injection is more cephalad and therefore 
closer to the cervical plexus. Also, in the above 
investigations diaphragmatic motion was evaluated 
by fluozoscopy, the conventional technique for diag- 
nosing diaphragmatic paresis. The sensitivity of flu- 
oroscopic diagnosis has been questioned (8,9) on the 
basis that it is dependent on qualitative observer 
interpretation of diaphragmatic motion during lim- 
ited periods of time. 

We sought to characterize more clearly the inci- 
dence, time of onset, and duration of ipsilateral 
hemidiaphragmatic paresis associated with inter- 
scalene brachial plexus anesthesia. Ultrasonography 
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DIAPHRAGMATIC PARESIS WITH INTERSCALENE BLOCK 
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1. Changes in hemidiaphragmatic excursion after typical 
ie interscalene block. During inspiration the contralateral hemi- 
diaphragm continues to exhibit normal active downward motion, 
while the paretic ipsilateral hemidiaphragm is passively moved 
upward by the decreasing pleural Pe Typical hemidiaphrag- 
matic excursions of +3 cm and —3 cm can be measured by 
ultrasonography of the zone of apposition (Z.p) of diaphragm to rib 
cage. 


of the cephalad border of the zone of apposition (Zap) 
of diaphragm to rib cage (10) was used as a poten- 
tially more sensitive method for diagnosing hemidi- 


aphragmatic paresis (Figure 1). 


Methods 


Sixteen healthy patients (ASA I and II) scheduled for 
elective upper extremity surgery who were free of 
significant pulmonary symptoms or disease were 
studied. Data were collected on 13 consecutive pa- 
tients scheduled for interscalene brachial plexus an- 
esthesia, This was followed by data collection on 
three additional consecutive patients undergoing ax- 
illary brachial plexus block to evaluate hemidiaphrag- 
matic function in patients having brachial plexus 
block without sensory anesthesia extending to the 
cervical area. Approval was obtained from the Insti- 
tutional Review Board of the Hospital for Special 
Surgery, and written informed consent was given by 
each patient studied. 

Patients received no premedication. In all patients, 
brachial plexus block was produced by injection of 
34-52 mL 1.5% mepivacaine with 5 ug/mL epineph- 
rine and 0.05 mEq/mL sodium bicarbonate. Local 


anesthetic volume was decided on by the attending 
anesthesiologist based on clinical criteria and experi- 
ence. Patients were monitored with a pulse oximeter, 
and oxygen was administered by nasal cannulae at all 
times except during data collection. 

Interscalene block was performed using single 
paresthesia technique with the needle tip at or 
caudad to cricoid level, as described by Winnie (1). 
Axillary block was done by transarterial technique 
without paresthesia. With both techniques, a 23- 
gauge, 2.5-cm needle was used. 

Data were collected before and 2, 5, and 10 min 
after completion of interscalene local anesthetic injec- 
tion. In addition, when possible (11 of 13 patients 
with interscalene block), measurements were made at 
hourly intervals in the recovery room after comple- 
tion of surgery. In patients with axillary block, data 
were recorded 2, 5, 10, 15, 20, 25, and 30 min after 
injection. Dermatomal distribution of sensory anes- 
thesia was determined by pinprick 10 min after 
interscalene or axillary injection. 

Ipsilateral and contralateral hemidiaphragmatic ex- 
cursions were measured by real-time ultrasonogra- 
phy (Diasonics DRF400, 3 MHz transducer) of the 
cephalad border of the zone of apposition of dia- 
phragm to rib cage (Zap) between midclavicular and 
anterior axillary lines. All measurements were made 
with the patient in the supine position. Hemidia- 
phragmatic excursion was defined as the difference 
between the cephalad border of Z,, at functional 
residual capacity and at end-inspiration or inspiratory 
maneuver. Excursion distance was expressed in cen- 
timeters from the functional residual capacity posi- 
tion. Normal inspiratory caudad diaphragmatic ex- 
cursion was designated positive (+) motion and 
paradoxical cephalad motion negative (—) motion. 

Diaphragmatic excursion was measured during 
quiet inspiration, deep inspiration, forceful sniff, and 
Mueller maneuver to —20 cm H,O pressure by ma- 
nometer. In seven patients, maximum inspiratory 
force was recorded immediately before and 10 min 
after local anesthetic injection. Results are expressed 
as mean + standard deviation (sp). Statistical com- 
parison of baseline ipsilateral hemidiaphragmatic ex- 
cursions with those during anesthesia was done by 
Student’s paired t-test. P < 0.05 was regarded as 
being statistically significant. 


Results 


Both forms of brachial plexus block resulted in satis- 
factory upper extremity anesthesia in every case. In 
no case was general anesthesia or supplementation 
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Table 1. Interscalene Block Patients: Ipsilateral and Contralateral Hemidiaphragmatic Excursion During Forceful Sniff 

















Contralateral Ipsilateral hemidiaphragmatic motion 
Anesthetic Cephalad hemidiaphragmatic (cm) Return to 
Patient Age Weight volume sensory motion at 5 min normal motion 

No (yr) (kg) (mL) level (cm) Baseline 2min 5min 10min th) 

1 21 90 52 c-3 3.21 3.06 -3.68 -2.10 —3.21 34 

2 21 57 34 C-3 6.4 19.54 -5.51 -6.94 —8.91 34 

3 41 91 42 C-3 5.31 5.22 —4.16 -5.41 -2.63 34 

4 60 60 42 C-2 4.64 4.83 4.36 5.22 6.70 34 

5 25 80 42 C-3 8.48 5.56 —4.45 -3.88 -5.03 34 

6 27 75 45 C3 5.07 5.65 —4.31 —-3.97  —3.68 NM 

7 27 80 50 C4 6.66 5.46 —4.74 -5.27 4.64 34 

8 24 76 50 C-4 8.52 7.37 —4.31 -440 —2.97 34 

9 61 52 36 C4 5.22 6.13 +4.21 -3.40 —3.68 34 
10 31 58 41 C-3 7.66 8.09 ~3.88 -445  —4.07 45 
11 32 59 39 C-2 7.37 6.27 ~6.25 —3.54 —3.64 34 
12 23 77 45 C-3 3.78 4.07 +5.41 -3.25 —6.70 NM 
13 73 75 45 C4 3.21 4.21 -3.06 -3.59 —3.01 34 

NM, not measured because of patient discharge. 

a 
CEPHALAD 


necessary. No sedatives were administered until 
20 min after local anesthetic injection and only after 
completion of all data collection (with the exception 
of the postoperative offset data). There were no 
anesthetic complications in any of the patients who 
received brachial plexus block in our study. 


Interscalene Block 


Changes from normal (caudad) to paradoxical (ceph- 
alad) motion of the ipsilateral hemidiaphragm (IH) 
were seen in all 13 patients during sniff (Table 1) or 
Mueller maneuver within 5 min, and in 11 of 13 
patients within 2 min, of anesthetic injection. Con- 
tralateral hemidiaphragmatic normal directional mo- 
tion was always concomitantly preserved. Forceful 
sniff was the most quantitatively reproducible diag- 
nostic maneuver. Mean diaphragm excursions during 
forceful sniff are shown graphically as a function of 
time after interscalene block in Figure 2. During sniff, 
mean baseline ipsilateral hemidiaphragmatic excur- 
sion was +5.96 + 1.94 cm for the 13 patients. Mean 
baseline contralateral hemidiaphragmatic excursion 
was +5.81 + 1.86 cm. At 2 min after anesthesia, mean 
ipsilateral hemidiaphragmatic excursion was —3.01 + 
3.57 cm; at 5 min, —4.26 + 1.23 cm; and at 10 min, 
—4,53 + 1.86 cm. Statistically significant decreases in 
ipsilateral hemidiaphragmatic excursion occurred be- 
tween preanesthesia values and those at 2, 5, and 
10 min by paired t-test (P = 0.0001), but not when 
values between 2 and 5 or 10 min were compared, nor 
did statistically significant changes in mean excursion 
occur between 5 and 10 min. 





~4,2641.22 


—4.62+1.85 

















Figure 2. Ipsilateral hemidiaphragmatic excursions measured dur- 
ing sniff immediately before and 2, 5, and 10 min after interscalene 
local anesthetic injection. Positive (+) values and downward bar 
graph (baseline) represent normal (caudad) ipsilateral hemidia- 
phragmatc motion. This changed to negative (—) mean values, 
depicted by upward bar graph, representing paradoxical (ceph- 
alad) hernidiaphragmatic motion within 2 min. Mean hemidia- 
phragmatic excursion became progressively more paradoxical at 5 
or 10 min after injection. Differences between baseline values and 
those at 2, 5, or 10 min were statistically significant (P = 0.0001). 


Quiet or deep breathing resulted in similar de- 
creases in ipsilateral hemidiaphragmatic excursion, 
but these maneuvers were less sensitive or consis- 
tent. During quiet breathing, normal ipsilateral dia- 
phragmatic motion changed to paradoxical motion in 
12 of 13 patients at 5 min. During deep breathing, all 
13 patients had ipsilateral paradoxical hemidiaphrag- 
matic motion at the beginning of inspiration at 5 min 
after injection. However, all 13 patients could over- 
come paradoxical hemidiaphragmatic motion initially 
present in every breath by continued deeper inspira- 
tion (see Discussion). In patients in whom maximum 
inspiracory force was measured, results were not 
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reproducible and variations in effort were subjec- 
tively observed despite coaching. 

Postoperatively, ipsilateral hemidiaphragmatic 
motion during sniff returned to normal in 10 of 11 
patients between 3 and 4h, and in the remaining one 
patient, within 5 h of anesthetic injection (Table 1). 

All 13 patients had cervical sensory levels of anes- 
thesia to pinprick. The most cephalad anesthetic 
sensory dermatome for each patient is displayed in 
Table 1. The contralateral side had normal sensation 
and no evidence of epidural anesthesia was found on 
either side by pinprick examination. Upon question- 
ing, only 5 of 13 patients who underwent interscalene 
block noticed any change in breathing. This occurred 
despite the fact that all patients were unsedated and 
all had easily diagnosed hemidiaphragmatic paresis. 


` Changes described were mild dyspnea or alterations 


in normal breathing sensations. 


Axillary Block 


None of the three patients showed significant 
changes in hemidiaphragmatic motion by ultra- 
sound. No patient had sensory anesthesia to pinprick 
in the cervical dermatomes. None of the patients who 
had axillary blocks noticed any respiratory effect. 


Discussion 


One hundred percent of patients with interscalene 
brachial plexus anesthesia developed ipsilateral hemi- 
diaphragmatic paresis detected by ultrasonography. 
This paresis was evidenced by change of hemidia- 
phragmatic directional motion from normal (caudad) 
to paradoxical (cephalad) during forceful sniff. Termi- 
nation of motor blockade within 3-5 h was diagnosed 
by return to caudad motion using ultrasonography in 
all 11 patients who were studied postoperatively. 
This agrees with published reports of the duration of 
mepivacaine/epinephrine anesthesia (11). Return of 
normal diaphragmatic directional motion correlated 
with regression of upper extremity motor block on 
physical examination although this was not system- 
atically assessed. 

Shaw found an 80% incidence of hemidiaphrag- 
matic paresis accompanying routine supraclavicular 
brachial plexus anesthesia when fluoroscopy was 
used during spontaneous inspiration (5). However, 
neither injection nor fluoroscopic techniques were 
well described in this study. Another study reported 
a 67% incidence of ipsilateral hemidiaphragmatic 
paresis with supraclavicular block when fluoroscopy 
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was used during sniffing (6). In each of these studies, 
less local anesthetic volume and more caudad points 
of injection were usually used, and this may help to 
explain the lower incidence of cervical plexus anes- 
thesia that developed. To ensure adequate cervical 
sensory anesthesia for shoulder surgery, we used 
local anesthetic volumes on average larger than those 
reported in the above studies (34-52 mL; mean, 43.3 
+ 5.4 mL). Large anesthetic doses may in part ac- 
count for the observed 100% incidence and relatively 
rapid onset of hemidiaphragmatic paresis. However, 
we have since injected smaller doses in many patients 
but have yet to produce cervical sensory anesthesia 
without accompanying hemidiaphragmatic paresis as 
detected by ultrasound during forceful sniff at 5 min 
after injection. A more probable explanation is that 
fluoroscopy during spontaneous inspiration and pos- 
sibly during sniff may be a less sensitive technique for 
diagnosing hemidiaphragmatic paradoxical motion 
than are serial ultrasonographic examinations of the 
Zap during sniff. However, the two diagnostic meth- 
ods and maneuvers have yet to be compared. 

Ina recent report of three patients who underwent 
perivascular subclavian brachial plexus anesthesia 
(12), two developed paradoxical hemidiaphragmatic 
motion during inspiration diagnosed by a double- 
exposure technique using superimposed chest radio- 
graphs. The authors pointed out that this technique 
offered the advantages of practicality and decreased 
radiation exposure when compared with fluoros- 
copy. But ultrasound involves no exposure to radia- 
tion. It is a technique that has previously been used to 
identify the cephalad border of the Zap in animals (13) 
and humans (10) and that can be used to quantify 
diaphragm excursion during breathing (14). It has 
been used previously to diagnose hemidiaphragm 
paresis in a pathological setting (15,16). Ultrasonog- 
raphy of the Z,,, is technically simple to perform and 
to interpret in addition to being free of radiation 
exposure. f 

Unilateral hemidiaphragmatic paresis may occur 
without respiratory symptoms (6,12). Five of our 13 
patients who received interscalene anesthesia, how- 
ever, complained of mild dyspnea or altered respira- 
tory sensations. This was discovered on careful ques- 
tioning in completely unsedated patients. However, 
we selected patients without significant preexisting 
respiratory disease. It is possible that this yielded a 
lower incidence of respiratory symptoms than might 
have been seen if patients with respiratory disease 
were included in the study. When there is preexisting 
respiratory system pathology, more marked changes 
in ventilation might occur. Figure 3 shows chest 
radiographs of a patient with scoliosis who under- 
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Figure 3. Chest radiographs from a patient with scoliosis before 
(A) and during (B) right interscalene brachial plexus anesthesia. 
During anesthesia, elevation of the right hemidiaphragm was 
evident. 


went elective right shoulder arthroscopy in the sit- 
ting position during right interscalene brachial 
plexus anesthesia with 45 mL 1.5% mepivacaine with 
5 wg/mL epinephrine and 0.05 mEq/mL bicarbonate. 
This patient had no complaints of dyspnea, but 
intraoperative auscultation revealed markedly dimin- 
ished breath sounds in the right lower lung field, and 
ultrasonographic examination revealed paradoxical 
right hemidiaphragmatic motion during inspiration. 
Radiographic examination done in the recovery room 
to rule out pneumothorax revealed an elevated ipsi- 
lateral hemidiaphragm. 

Ipsilateral hemidiaphragmatic paresis has been 
discussed as a “complication” (5,6,12) of interscalene 
block. Our data do not support this terminology. 
Rather than a complication, hemidiaphragmatic pare- 
sis should be thought of as an expected sequela of 
routine clinical interscalene brachial plexus anesthe- 


URMEY ET AL 


sia and should be planned for, just as a sympathetic 
block is not a complication but rather is anticipated 
during spinal anesthesia. In all 13 of our patients, 
deep enough inspirations during interscalene anes- 
thesia always resulted eventually in normal down- 
ward ipsi.ateral hemidiaphragmatic excursion, even 
though paradoxical motion was seen with tidal 
breathing or at the beginning of the deep breath. This 
may have resulted from some remaining ipsilateral 
hemidiaphragmatic muscle activity, but it more prob- 
ably represents a secondary phenomenon resulting 
from preserved contralateral hemidiaphragmatic and 
other inspiratory muscle actions. Our study cannot 
answer this question because we did not perform 
electromyographic studies of the hemidiaphragms. 
Even in  atients with complete bilateral diaphrag- 
matic pazalysis, inspiration is associated with in- 
creased rib cage expansion relative to abdominal 
expansion during tidal breathing (8,16). The clinical 
importance of this is that all patients qualitatively had 
the ability to expand the ipsilateral lung despite the 
hemidiaphragmatic paresis that resulted from inter- 
scalene brachial plexus anesthesia. This helps to 
explain why interscalene or supraclavicular blocks 
have been done for years without invariable develop- 
ment of ipsilateral pulmonary atelectasis in every 
patient. 

In our study, partial diaphragmatic paralysis was 
not alwavs heralded by respiratory symptoms. Acute 
respiratory failure developing subsequent to inter- 
scalene block has, however, been attributed to dia- 
phragmatic paresis (4). For this reason, as well as 
because of the recognized incidence of pneumotho- 
rax, techniques for providing upper extremity re- 
gional anesthesia by local anesthetic injection ceph- 
alad to the clavicle are relatively contraindicated in 
patients with respiratory disease (17). The above 
information may allow for better selection of these 
patients for interscalene block. Clinicians should ex- 
pect unavoidable ipsilateral hemidiaphragmatic pare- 
sis with this technique and possibly rule out this 
anesthetic option when anesthetizing patients likely 
to need bilaterally intact diaphragmatic function. This 
includes patients with preexisting contralateral hemi- 
diaphragmatic paresis, severe chronic obstructive 
pulmonary disease, or ankylosing spondylitis, in 
which rib cage motion is restricted (18,19). The data 
on durazion of diaphragmatic paresis may serve as a 
guide for patient discharge from the postanesthetic 
care unit after interscalene block. Our results rein- 
force the importance of pulse oximetry as an adjunct 
to patient care during and immediately after regional 
anesthezics. 

In addition, the present data have implications for 
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deep cervical plexus anesthesia used for carotid ar- 
tery surgery. The incidence of diaphragmatic paresis 
during this form of anesthesia also should be evalu- 
ated. 

Finally, the 100% incidence of ipsilateral hemidia- 
phragmatic paradoxical motion, an all-or-nothing 
phenomenon, coupled with reproducible onset and 
offset, may make this a useful model for assessing 
local-anesthetic motor nerve blocking properties. 
Ultrasonographic detection of cervical motor nerve 
anesthesia occurred in 11 of 13 patients within 2 min 
of injection. This onset was faster than that reported 
for upper extremity anesthesia when conventional 
assessment of sensory and motor nerve function was 
done (11,20). Times from anesthetic injection to ear- 
liest detection of paradoxical hemidiaphragmatic mo- 
tion by ultrasound may prove to be an easily accom- 
plished, reproducible quantitative measurement of 
motor block onset. 





The authors thank Susan Schraft, MD, for advice regarding ultra- 
sonographic technique, Dawna S. Muratti and Nidia Rodriguez for 
careful preparation of the manuscript, and Marianne McDonald for 
technical assistance. 
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After anesthesia employing nondepolarizing muscle relax- 
ants, 30%-40% of adult patients demonstrate residual 
paralysis with a train-of-four ratio <70%, but it is not 
known if the same is true for children. This study was 
designed to investigate neuromuscular transmission in 91 
ASA physical status I or I day-care children (aged 0-10 yr) 
after halothane anesthesia in which pancuronium (n = 34), 
atracurium (n = 32), or vecuronium (n = 25) was 
administered, Peripheral nerve stimulation was used clini- 
cally to assess neuromuscular blockade during surgery, In 
the recovery room, the evoked response of the adductor 
pollicis muscle was measured by train-of-four stimulation of 
the ulnar nerve. This measurement was made (mean + sim) 
at 18.0 + 1.5, 15.0 + 1.3, and 15.0 = 1.7 min after 


pharmacologic antagonism with 0.02 mgikg atropine and 
0.06 nigike neostigmine in the pancuronium, atracurium, 
and vecuronium groups, respectively. There were no differ- 
ences in the ages of the patients in the three groups at 
4320.4, 4.0 + 0.4, and 5.0 + 0.5 yr, with 17 children 
less than 2 yr. Recovery from neuromuscular blockade in all 
three groups was almost complete. The train-of-four ratio 
(height of fourth twitch compared with the first) was 
similar in patients who had received pancuronium 
(96.7% + 0.9%), atracurium (95.5% + 0.9%), or vecu- 
ronium (96.3% + 1.3%). Therefore, postoperative muscle 
weakness or respiratory impairment is unlikely in pediatric 
day-care surgical patients more than 2 yr old when these 
anesthetic techniques are used. 


Key Words: ANESTHESIA, PEDIATRIC. 
NEUROMUSCULAR RELAXANTS, ATRACURIUM, 
PANCURONIUM, VECURONIUM. 





Residual neuromuscular blockade is common in 
adults after anesthesia using nondepolarizing neuro- 
muscular blocking drugs (NMBDs). Pancuronium has 
been shown to be followed by postoperative weak- 
ness, with train-of-four (TOF) ratios <70% in 20%- 
40% of patients (1,2). In these studies relaxant dosage 
was determined clinically and often large doses were 
given. However, similar results were obtained using 
pancuronium in adults when neuromuscular moni- 
toring with peripheral nerve stimulation with visual 
or tactile observation of thumb responses was used 
intraoperatively (3). The use of the shorter acting 
muscle relaxants was associated with less residual 
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effect; the incidence of residual blockade being only 
4% after atracurium (3,4) and 9% after vecuronium 
(3). 

Furthermore, muscle weakness has been demon- 
strated for several hours after neostigmine reversal of 
pancuronium, atracurium, and vecuronium blockade 
in adults. When clinical responses were used to guide 
relaxant dosage, grip strength was impaired even 
when a head-lift could be sustained for 5 s after 
atracurium and pancuronium (5) and for more than 
1 h after reversal of pancuronium, atracurium, or 
vecuronium (5,6). The use of peripheral nerve stim- 
ulation to monitor the depth of neuromuscular block- 
ade during surgery and recovery before the adminis- 
tration of neostigmine to reverse atracurium or 
pancuronium blockade did not abolish these deficits 
postoperatively (7). In two of these studies (6,7), 
maximum inspiratory and expiratory force measure- 
ments were reduced to half of control values after 
surgery, despite clinically satisfactory breathing at 
the end of the procedure. ees to normal values 
took 1-3 h and was progressively longer for atracu- 
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rium, vecuronium, and pancuronium (6,7). In some 
patients, residual diplopia and muscle weakness per- 
sisted for up to 24 h after administration of atracu- 
rium and vecuronium (6). 

Pediatric units now perform as much as 80% of 
surgery on a day-care basis. Failure to recognize 
residual blockade in these patients could lead to their 
discharge from hospital while at risk of respiratory 
impairment. This study investigated neuromuscular 
transmission in children on arrival in the recovery 
room after halothane anesthesia that included pancu- 
ronium, atracurium, or vecuronium. 


Patients and Methods 


The study was conducted with the approval of the 
Hospital Institutional Review Board. Ninety-one chil- 
dren (aged 0-10 yr, and ASA physical status I or I) 
undergoing surgery as outpatients were studied. 

The attending anesthesiologist was not informed 
that the study would be undertaken. None of the 
patients received premedicant drugs, and the anes- 
thetic technique was at the discretion of the anesthe- 
siclogist. A retrospective review of the anesthetic 
records showed that all anesthesiologists used similar 
techniques of anesthesia. Induction of anesthesia 
with thiopentone (5-7 mg/kg) was followed by main- 
tenance with 0.5%-1.0% halothane. Tracheal intuba- 
tion was facilitated by succinylcholine (1-1.5 mg/kg) 
in 63% of patients and by the nondepolarizing agent 
in the remainder. Surgical relaxation was continued 
with intermittent doses of relaxants, using peripheral 
nerve stimulation of the adductor pollicis to monitor 
neuromuscular blockade. Visual and tactile assess- 
ments of the TOF response were used clinically, but 
the degree of recovery that determined the need for 
incremental doses of relaxants or the timing of 
extubation was not recorded. At the end of sur- 
gery, neuromuscular blockade was reversed with 
0.02 mg/kg atropine and 0.06 mg/kg neostigmine 
before extubation. The patient was transferred to the 
recovery room when considered to be satisfactorily 
recovered clinically by the anesthesiologist. 

When the anesthesiologist left the patient in the 
recovery room, those patients who had received 
nondepolarizing muscle relaxants (according to their 
anesthetic record) were selected for study. Neuro- 
muscular transmission was then assessed using the 
evoked response of the adductor pollicis muscle to 
supramaximal stimulation of the ulnar nerve. Square 
pulses of 0.2-ms duration were delivered at a fre- 
quency of 2 Hz every 12 s. The patient’s hand and 
forearm were immobilized in a splint, and the force of 


contraction of the adductor pollicis was measured 
with a Grass FT 03 force-displacement transducer and 
recorded on paper. When a stable recording was 
obtained, the ratio of the fourth to the first twitch 
height in the TOF (TOF ratio) was calculated. The 
children were monitored at various stages of awak- 
ening. Some response and movement on stimulation 
were seen, but the patients were not distressed and 
satisfactory recordings were obtained. 

The duration of anesthesia, time between reversal 
of neuromuscular blockade and measurement of TOF 
response, and the total dose of relaxant given were 
recorded. Comparisons were made between groups 
of patients who had received pancuronium, atracu- 
rium, and vecuronium. Statistical analysis was car- 
ried out using x analysis and Student's t-test. Anal- 
ysis of variance was used for comparisons of groups, 
and the Bonferroni correction was applied. Signifi- 
cant differences were found if the P value was = 0.05. 


Results 


Ninety-one patients received nondepolarizing muscle 
relaxants. They were divided into three groups of 
patients who had received pancuronium, atracurium, 
or vecuronium (Table 1). There were no differences in 
the mean ages and weights of the patients in each 
group. Seventeen of the patients were under 2 yr old, 
and they were distributed among the groups as 
shown in Table 1. Of these, six were infants (<12 mo 
old), with the youngest aged 6 wk. Pancuronium was 
given to four infants and atracurium to two; no infant 
received vecuronium. 

The total doses of pancuronium, atracurium, and 
vecuronium were 0.07 + 0.01, 0.48 + 0.05, and 
0.11 + 0.01 mg-kg~!-h™?, respectively. Succinylcho- 
line was administered to 31 patients. The duration of 
surgery and anesthesia was significantly longer in the 
pancuronium than in either the atracurium or vecu- 
ronium group, but the time interval between reversal 
of blockade and TOF recording was similar in all 
three groups. The TOF ratios ranged from 80% to 
100% with no significant differences among the 


groups. 


Discussion 


In contrast to adult experiences, none of the children 
studied showed residual neuromuscular blockade on 
arrival in the recovery room after anesthesia in which 
pancuronium, atracurium, or vecuronium was given. 
Bevan et al. (3) found that 36%, 4.3%, and 8.8% of 
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Table 1. Demographic Data and Characteristics of Neuromuscular Blockade 
Relaxant 

Pancuronium Atracurium Vecuronium 
H 34 32 25 
Number < 2 yr 8 7 2 
Age (yr) 43204 4.0 + 0.4 5.0 + 0.5 
Weight (kg) 17.1 40.9 16.3 + 0.9 19.0 £ 1.0 
Succinylcholine (7) 31 15 11 
Relaxant dose (mg'kg` ht) 0.07 + 0.01 0.48 + 0.05 0.11 + 0.01 
Duration of surgery (min) 100.0 + 9.0" 76.0 + 8.0 77.7 + 7.0 
Interval between neostigmine 18.0 + 1.5 15.0 + 1.3 15.0 + 1.7 

and TOF monitoring (min) 

TOF ratio (%) 96.7 + 0.9 95.5 + 0.9 96.3 + 1.3 








TOF, train-of-four. 
Values are expressed as mean + SEM. 
“P< 0.05 versus atracurium and vecuronium groups. 


adults demonstrated TOF ratios <70% after pancuro- 
nium, atracurium, and vecuronium, respectively (3). 
As neuromuscular blockade was monitored in similar 
ways by peripheral nerve stimulation in all of the 
children and 74% of the adults, the discrepancy 
between the findings in adults and children requires 
further explanation. 

The adults provided a heterogenous group of 
hospitalized general surgical patients, whereas the 
children were a more homogenous group of healthy 
day-care patients undergoing superficial operations. 
The duration of surgery was about 50% longer in the 
adults than in the children in all three relaxant 
groups. Anesthesia was more varied in the adults 
and included premedication and supplementation of 
anesthesia with fentanyl, enflurane, or isoflurane, 
whereas the children received only halothane. 

The higher dose requirements (pancuronium 0.07 
vs 0.03, atracurium 0.48 vs 0.37, and vecuronium 0.11 
vs 0.06 mg-kg™'-h”') with more complete recovery 
from paralysis in the children may be due to their 
different clinical circumstances, or may result from 
age-related differences in response to NMBDs and 
their antagonists. Recently, it has been demonstrated 
that the potency, rate of spontaneous recovery, and 
speed of pharmacologic reversal of the nondepolar- 
izing relaxants in children differ from those in adults. 

Children appear to require higher doses of nonde- 
polarizing relaxants than adults to produce the same 
effect, although none of the estimates for potency at 
different ages have been obtained under identical 
conditions of anesthesia and monitoring. The EDs; 
doses in children (aged 1-10 yr) are higher than in 
adults during halothane and balanced anesthesia for 
pancuronium (0.05-0.06 mg/kg) (8,9), atracurium 
(0.15-0.32 mg/kg) (10-13), and vecuronium (0.06- 
0.08 mg/kg) (14,15). The responses are variable in 


infants, but most studies show that values in infants 
are similar to those in adults (9,12,13,15) and smaller 
than in older children. In the present study, most 
patients were between 2 and 10 yr old so that larger 
doses were needed to maintain surgical relaxation 
compared with the adults. However, the hourly 
maintenance doses in the adults were reduced by 
different degrees in the children: pancuronium (57%), 
atracurium (23%), and vecuronium (45%). This sug- 
gests that the dose requirements might also be influ- 
enced by the cumulative effects of pancuronium (16) 
during longer procedures and by the absence of 
cumulation with atracurium (17). 

The choice of inhalation agent affects the rate of 
spontaneous recovery. This may be important be- 
cause halothane is commonly used in pediatric, but 
not adult, anesthesia. Enflurane, which was fre- 
quently used in the adult study, prolongs recovery 
from neuromuscular blockade (18-22) so that im- 
paired neuromuscular function for longer is more 
likely. Most studies have demonstrated similar rates 
of recovery from pancuronium, atracurium, and 
vecuronium neuromuscular blockade in children and 
adults (8,10,11). There are some reports of shorter 
recovery indices (RI), from 25% to 75% first twitch 
recovery (11.1-14.0 min for atracurium and 7.9- 
9.1 min for vecuronium), in children (10,11,14,22) 
compared with adults. Halothane prolongs the RI of 
atracurium by 25% (11) but does not alter the RI of 
vecuronium, compared with fentanyl, in children 
(14,23). One study found that the RI of atracurium is 
longer after the first dose in adults, but shorter after 
a second dose (16.1 min) than the RI of vecuronium 
(19.8 min) (24). In infants, the RI tor vecuronium is 
prolonged to 21 min (25) but is shortened for atracu- 
rium to 8 min (10) compared with older children. As 
most of the children in the present study were older 
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than 2 yr and were anesthetized with halothane, a 
more rapid recovery was expected than in adults. 

The use of larger doses of neostigmine (0.06 mg/kg) 
in the children, compared with more modest doses in 
the adult studies (1-7) (approximately 0.03 mg/kg), is 
likely to be an important determinant of the rapidity 
of recovery of normal neuromuscular function in the 
children. Despite the acceptance of the use of neo- 
stigmine in doses up to 0.07 mg/kg to prevent respi- 
ratory depression postoperatively in children (26), 
reversal of neuromuscular blockade with anti- 
cholinesterases is more rapid and requires smaller 
doses of neostigmine and edrophonium in children 
than in adults (27-30). Reversal of pancuronium 
blockade with neostigmine is dose dependent; when 
0.036- and 0.071-mg/kg doses were used, recovery 
was more rapid in children than in adults at both 
doses, and recovery was almost complete in the 
children in 10 min, but 30 min was required before 
the adults recovered to the same extent (27). When 
vecuronium blockade was reversed with neostigmine 
(0.03 mg/kg in children and 0.04 mg/kg in adults), 
the rate of recovery was more rapid in children than 
in adults (30). The extent of reversal achieved by 
neostigmine is not the same for each relaxant. Ten 
minutes after its administration, the EDg) for neo- 
stigmine is lower for atracurium (0.022 mg/kg) than 
for vecuronium (0.024 mg/kg) and pancuronium 
(0.045 mg/kg) in adults (29). Volatile agents, espe- 
cially enflurane, impair antagonism of neuromuscu- 
lar blockade more in adults than children (23,31-33). 
In this study, muscle relaxants were given with the 
help of peripheral nerve stimulation so that complete 
or intense block, which could alter the rate of antag- 
onism (34), was avoided. Thus, rapid reversal of the 
block was expected. 

In conclusion, there are several reasons why recov- 
ery from neuromuscular blockade is more rapid in 
children than adults. These include decreased po- 
tency of relaxants, more rapid spontaneous recovery, 
and more rapid reversal. In addition, volatile agents 
such as enflurane and isoflurane, which potentiate 
neuromuscular block, prolong recovery, and impair 
reversal, are commonly used in adult anesthesia. 
They are usually replaced with halothane, which has 
less influence on NMBDs, in pediatric anesthesia. 
The results of the present study support such a 
hypothesis and suggest that residual weakness after 
the use of NMBDs during anesthesia is uncommon in 
children. Such rapid and complete recovery of neu- 
romuscular function that was found in these day-care 
surgical patients support their use in this setting. 
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ZARIC D, AXELSSON K, NYDAHL P-A, PHILIPSSON L, 
LARSSON P, JANSSON JR. Sensory and motor blockade 
during epidural analgesia with 1%, 0.75%, and 0.5% 
ropivacaine—a double-blind study. Anesth Analg 1991;72: 
509-15. 


Levels of sensory (pinprick) and somatic motor blockade 
were measured in a double-blind study of 30 volunteers 
given single epidural injections of 1%, 0.75%, and 0.5% 
ropivacaine. Onset of analgesia was rapid with all concen- 
trations (7-10 min). Maximal levels of analgesia were 
established 60 min after injection, with no significant 
differences in the maximal median cephalad spread. Dura- 
tion of analgesia at the T-12 level and total duration were 
significantly longer with 1% and 0.75% than with 0.5% 
ropivacaine. Motor blockade was assessed by a quantitative 
method (measurements of isometric muscle force) and a 
qualitative method (modified Bromage scale). Onset of 
motor blockade measured by ihe quantitative method was 
significantly slower with 0.5% ropivacaine than with the 


higher concentrations. Maximal muscle weakness occurred 
1-1.5 h after injection with all three concentrations. With 
increase in ropivacaine dose from 100 to 200 mg, the 
intensity and duration of motor blockade increased. Muscles 
involved in knee extension were blocked most, those of 
plantar flexion least. Recovery of motor function, assessed 
by the above-mentioned quantitative method, occurred 
simultaneously with the recovery of pinprick perception. 
Motor blockade registered by Bromage scale showed a slower 
onset for 0.5% ropivacaine than for the higher concentra- 
tions. Mean durations of grade 1 and 2 block were longest 
for the 1% solution. Motor blockade described by the 
Bromage scale showed only the first part of the regression 
phase. Full recovery of muscle strength (Bromage scale = 0) 
was attained 1.5-2.5 h earlier than assessed by the quanti- 
tative method. No aaverse effects were registered. 


Key Words: ANESTHETIC TECHNIQUES, ” 
EPIDURAL—ropivacaine. ANESTHETICS, tocat— 
ropivacaine. 





Ropivacaine (LEA 103) is a recently introduced long- 
acting amino-amide local anesthetic, a congener to 
bupivacaine and mepivacaine. Recent clinical studies 
have shown that in humans 0.5% ropivacaine and 
0.5% bupivacaine are comparable when used for 
brachial plexus or epidural blockade (1). Preliminary 
reports about the properties of ropivacaine in epidu- 
ral anesthesia on small numbers of patients have 
been controversial. Some authors found no differ- 
ences between different concentrations (2), whereas 
others showed that the increase in ropivacaine con- 
centration prolonged the duration of sensory and 
motor blockade (3). In these studies, motor blockade 
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was assessed only by Bromage scale, which is quali- 
tative in its nature. Quantitative methods for measur- 
ing isometric muscle force give precise descriptions of 
duration and degree of motor blockade (4,5). It is 
therefore of interest to use both methods in the 
evaluation of the new local anesthetic. 

This study was undertaken, first, to determine 
sensory and motor blockade profiles for 1%, 0.75%, 
and 0.5% ropivacaine given epidurally; second, to 
compare motor blockade evaluated by two methods 
(the Bromage scale and quantitative measurements of 
muscle force); and, third, to relate to each other the 
levels of sensory and motor blockade. 


Materials and Methods 


Thirty healthy male volunteers, 10 in each group 
(Table 1), participated in the study after informed 
consent had been obtained. The study was random- 
ized, double-blind, and approved by the Ethics Com- 
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Table 1. Characteristics of 30 Volunteers (10 in each 
group) Receiving Epidural Anesthesia 








Age Weight Height 
Local anesthetic (yr) (kg) (cm) 
0.5% ropivacaine (100 mg) 28 + 2.3 80 + 2.2 18} + 15 
0.75% ropivacaine (150 mg) 27 + 1.9 78 + 2.9 180 + 1. 
1.0% ropivacaine (200 mg) 27 + 1.9 81 + 1.8 186 + 1.2 





Values are mean + SEM. 


mittee of Orebro Medical Center Hospital. All sub- 
jects received 0.25 mg IV atropine at the start of the 
study. With the subject in the right lateral position, 
the epidural space was identified at the L2-3 level 
with a l6-gauge Tuohy needle using the loss of 
resistance method. A single injection of 20 mL 
ropivacaine 1% (200 mg), 0.75% (150 mg), or 0.5% 
(100 mg) was administered, 4 mL as a test dose 
followed by 16 mL 4 min later in the absence of 
evidence of intravascular or intrathecal injection. 
During the study 300-500 mL of Ringer’s acetate 
solution was given intravenously. 

Sensory blockade was registered bilaterally by the 
pinprick method with a blunt 27-gauge needle. It was 
applied on the midclavicular line in both cranial and 
caudal directions every 5 min during the first half 
hour and later simultaneously with other measure- 
ments. The onset of analgesia was expressed as the 
time taken to first evidence of sensory blockade of 
any spinal segment level. 

Muscle force was measured by two methods: a 
modified Bromage scale (grades 0-3) as described 
elsewhere (5), and a quantitative method introduced 
earlier by one of the authors (6). The quantitative 
method required recording of baseline values for 
muscle force (100%) in each subject before the epi- 
dural injection was performed. This was done by 
registering five maximal isometric contractions in the 
lithotomy position (bilaterally) for knee extension 
(innervation from L2-4), hip flexion (L1-3), and plan- 
tar flexion of the big toe (L5-S1). These five measure- 
ments were repeated four times, and the average 
level of muscle strength was taken as baseline. This 
order (first knee, then hip, and last of all toe move- 
ment) was chosen because the onset of muscle block- 
ade was expected to be most rapid for muscles 
involved in knee extension. After epidural injection 
the onset of motor blockade was assessed every 
15 min until steady state was reached. During maxi- 
mal motor blockade and in the regression phase, the 
measurements were carried out every half hour until 
90% of the baseline muscle strength was reached in 
all tests of motor function. 

A continuous time-course of motor blockade was 
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estimated by interpolation, The onset was evaluated 
by comparison of the time needed to decrease muscle 
force to 75%, 50%, and 25% of the baseline value for 
each movement and concentration separately. In the 
same way regression of blockade was measured 
when 25%, 50%, 75%, and 90% of the baseline muscle 
strength for each concentration and movement had 
returned. 

When 90% of the baseline muscle strength had 
returned, the subject was carefully mobilized—first to 
a sitting position, then to standing up on toes and 
heels, and last, to slow walking followed by jogging. 
The modified Bromage scale was applied at the same 
time intervals as quantitative measurements. The 
urinary bladder was checked for distention by palpa- 
tion and percussion especially in cases of long-lasting 
blockade, and catheterization was performed if nec- 
essary. Blood pressure and electrocardiogram were 
recorded throughout the study. 

The term “intensity” of motor blockade refers to 
the maximal muscle weakness that occurred between 
onset and the regression phase. “Maximal motor 
blockade duration” was expressed as the period of 
maximal muscle weakness + 10% of the baseline 
force (7). 


Statistics 

Measurements of sensory and motor blockade (quan- 
titative method) were performed bilaterally, and the 
average value was taken as representative of both 
sides. When asymmetric motor blocks were regis- 
tered by Bromage scale, the lower score was chosen. 
Interval variables (durations of sensory and motor 
blockades) are presented as mean + SEM; ordinal 
variables (extent of analgesia) are presented as me- 
dian (range). The Kruskal-Wallis test was used for 
evaluation of differences between the groups, fol- 
lowed by Wilcoxon's rank sum test where necessary. 
Wilcoxon's signed rank test was applied on paired 
data. P < 0.05 was accepted as the level of signifi- 
cance. 


Results 
Sensory Blockade 


Onset of analgesia was rapid with all concentrations 
(7 + 1.0 min for the 1% solution, 9 + 0.9 min for the 
0.75%, and 10 + 1.2 min for the 0.5% solution; mean 
+ SEM). There were no differences in onset at various 
segments for different concentrations. No significant 
difference in maximal cranial spread was noticed: for 
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Figure 1. The segmental spread of epidural analgesia with dif- 
ferent concentrations of ropivacaine (median + lower and upper 
quartiles). *Spread of analges:a in the 0.5% group significantly less 
than that in the 0.75% and 1% groups. 


the 1% solution the median value was T-9 (range T-4 
to T-12), for 0.75% T-8 (T-3 to T-11), and for 0.5% 
ropivacaine T-10 (T-7 to T-12). Time taken to reach 
maximal spread (both caudal and cranial) averaged 
60 min (Figure 1). There were no missing segments. 

Time to two-segment regression of the cranial level 
of analgesia averaged 227 + 27.2 min with 1%, 203 + 
20.3 min with 0.75%, and 167 + 15.5 min with the 
0.5% solution, differences were not statistically sig- 
nificant. The duration of analgesia at T-12 and all 
lumbar segments was significantly less with 0.5% 
ropivacaine; at sacral segments there were significant 
differences among all three concentrations (Figures 
2a, 3a, and 4a). The total duration was less with the 
0.5% solution than with higher concentrations (Table 
2). 


Motor Blockade 


Bromage scale. Times of onset, i.e., the time from 
epidural injection until Bromage grade 0 changed to 
grade 1, were similar in the 1% and 0.75% groups 
(18 vs 20 min), but significantly longer with 0.5% 
(27 min) than with 1% ropivacaine (Figures 2b, 3b, and 
4b). Intense motor blockade (grade 3) developed in 
three subjects in the 1% ropivacaine group and in one 
subject in the 0.75% group. Six subjects in the 0.5% 
group had Bromage grade 1; the rest had grade 0. The 
mean duration of motor blockade for the Bromage 
grade 1 level was significantly longer with 1% than with 
0.75% and 0.5% ropivacaine (Figures 2b and 3b, and 
Table 2). Even at grade 2 the duration of motor blockade 
was longer with 1% than with 0.75% ropivacaine. 


Quantitative measurements. oNsEY. When different 
movements were taken into consideration, the onset 
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Figure 2. Onset, duration, and regression of sensory (a) and 
motor (b) epidural blockade with 1% ropivacaine in 10 volunteers 
(mean + sem). The horizontal line shows the level of analgesia 
achieved by all subjects. Br I refers to Bromage scale grade 1 and n 
to the number of subjects involved. There were no significant 
differences between movements in onset or regression. 


time for motor blockade was longest for plantar 
flexion of big toe (L5-S2) regardless of the concentra- 
tion used (Figures 2b, 3b, and 4b). For example, in the 
1% ropivacaine group, onset 50% (the time to 50% 
blockade) took 15 + 1.2 min for knee extension and 23 
= 2.0 min for plantar flexion. 

When the three concentrations were compared, 
onset of blockade was generally slower for all move- 
ments with 0.5% ropivacaine than with the 0.75% 
and 1% solutions. For example, hip flexion onset 50% 
came after 18 + 1.8 min in the 1% ropivacaine group 
and after 27 + 2.3 min in the 0.5% group. 


INTENSITY OF MUSCLE BLOCKADE. Maximal inten- 
sity of motor blockade was registered at 90 min for 1% 
ropivacaine, whereas it took 60 min for the 0.75% and 
0.5% solutions. Muscles involved in knee extension 
were most blocked, followed first by muscles of hip 
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Figure 3. Onset, duration, and regression of sensory (a) and 
motor (b) epidural blockade with 0.75% ropivacaine in 10 volun- 
teers (mean + sem). Toe flexion was significantly slower in onset 
than hip flexion and knee extension (P < 0.05). 


flexion and then by those of toe flexion, regardless of 
concentration used (Figures 2b, 3b, and 4b). Motor 
blockade with 1% ropivacaine was profound for all 
three movements: at 90 min 0% of muscle force was 
present for knee extension, 1% for hip flexion, and 
6% for toe flexion. Comparing the groups, 1% and 
0.75% ropivacaine caused a more intense blockade, 
and 0.5% ropivacaine caused a significantly more 
superficial blockade, regardless of the type of move- 
ment. 

Duration of maximal motor blockade was longest for 
knee extension in the 1% ropivacaine group (258 min). 
There were no significant differences between move- 
ments in the other groups. Regardless of the type of 
movement, the longest maximal blockade was encoun- 
tered in the 1% ropivacaine group; there were no 
significant differences in the duration of maximal motor 
blockade between the 0.75% and 0.5% solutions. 


REGRESSION. Regression of muscle blockade in the 
1% and 0.75% groups was similar for all three move- 
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Figure 4. Cnset, duration, and regression of sensory (a) and 
motor (b) epidural blockade with 0.5% ropivacaine (mean + SEM). 
Toe flexion was significantly slower in onset, whereas knee exten- 
sion was slowest in regression (P < 0.05). 


ments (Figures 2b and 3b). With 0.5% ropivacaine, 
the muscle strength for knee extension was slowest to 
return to baseline throughout the regression (Figure 
4b). 

The time from epidural injection to 90% recovery 
of muscle strength for all movements was longest 
with 1% ropivacaine (448 + 18.2 min). There were no 
significart differences between the 0.75% and 0.5% 
solutions in this respect (320 + 13.5 and 254 + 
28.7 min; Table 2). 


Relationship Between Sensory and Motor Blockade 


In the 1% ropivacaine group almost total muscle 
paralysis was present for all movements (0%-6% of 
baseline muscle force), whereas only three subjects 
had Bromage grade 3 (Figure 2b). However, there 
were twc more subjects with unilateral grade 3 block. 
In all the ropivacaine groups, the Bromage score 
returned to 0 during the regression phase signifi- 
cantly earlier for all movements than regression to 
90% of the isometric force. The only exception was 
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Table 2. Recovery of Pinprick Perception and of Motor Strength Evaluated by the Bromage Scale and Measured by the 


Quantitative Method Described in the Text 











Ropivacaine 
Complete recovery of: 1% 0.75% 0.5% 
Sensory blockade 411 + 17.2 j 353 + 11.9 268 + eat s 
Bromage 1 to 0 298 + 10.7 199 + 15.4 160 + 21.3 
Isometric motor force 448+18.2/° 320+ 13.5) ° 254 + 28.7 : 


(knee extension) 


Values are expressed as mean + SEM. 


“Significant differences in time to recavery for pinprick perception versus Bromage score change from 1 to 0. 
Significant differences in time to recovery for 90% of isometric muscle force versus Bromage score change from 1 to 0. 


toe flexion in the 0.5% group. At the change of 
Bromage score from grade 1 to 0, only 22%-40% of 
the muscle force for knee extension (assessed by the 
quantitative method) had recovered (Figures 2b, 3b, 
and 4b). From that point (Bromage score just changed 
to 0) 1.5-2.5 h passed before all movements had 
returned to 90% of baseline force and the subjects 
could be mobilized. 

The Bromage score changed from grade 1 to 0 
1.7-2.6 h before complete recovery of sensation (a 
significant difference for all groups—Table 2). Recov- 
ery of analgesia and return to 90% of baseline isomet- 
ric muscle force were both related to time, but there 
was a tendency for sensory blockade to outlast motor 
blockade in the 0.75% and 0.5% groups. Complete 
recovery from motor blockade occurred significantly 
earlier than did recovery of pinprick sensation for the 
muscles of hip and toe flexion in the 0.5% group. This 
was also the case when sensory segments corre- 
sponding to motor innervation (L1-3 and L5-S2) were 
taken into consideration (P < 0.05). 


Mobilization 

After regression of muscle paralysis to 90% of base- 
line strength for all movements was registered, the 
subject was mobilized. The time from epidural injec- 
tion to mobilization was longest in the volunteers 
given 1% ropivacaine (494 + 16 min), followed by 
those in the 0.75% group (390 + 12 min), and then by 
the 0.5% group (320 + 22 min)—significant differ- 
ences between all three groups. 

In two cases, extensive residual analgesia was 
present at the time of mobilization. In subject 1, 
patchy analgesia was present from L-2 downward; in 
subject 2, it reached from T-12 to S-5 (both received 
0.75% ropivacaine). Both were carefully mobilized. 
There were no problems in doing so in subject 1, but 
when subject 2 stood up from the sitting position, he 


reacted with tachycardia and hypotension (pulse in- 
creased from 96 to 118, systolic blood pressure de- 
creased from 132 to 88 mm Hg). He was otherwise 
remarkably unaffected, and pulse and blood pressure 
recovered rapidly and spontaneously. He could sup- 
port himself in the standing position but was clearly 
ataxic and unstable when trying to walk. He returned 
to the supine position for the next 1.5 h while sensory 
analgesia disappeared and was then mobilized with- 
out further problems. 

Six of the 30 subjects had unstable stance because 
of a “cushiony” feeling in their feet (four in the 0.75% 
group and one each in the 1% and 0.5% groups). 
Eight subjects felt unstable in their knees while 
jogging (three in the 0.5% and 1% groups and two in 
the 0.75% group). These residual disturbances disap- 
peared 45-60 min after mobilization. 


Urinary Bladder 


The time from epidural injection to spontaneous 
urination was longest for the 1% ropivacaine group 
(559 + 12 min), 442 + 11 min for 0.75% ropivacaine, 
and 349 + 13 min for 0.5% ropivacaine. Three sub- 
jects who received the 1% solution were catheterized 
during the investigation because of bladder disten- 
tion. The average time between mobilization and 
spontaneous micturition was 30-50 min. 


Circulation 


All but one of cur subjects showed hemodynamic 
stability throughout the investigation. This subject, 
who was receiving 0.75% ropivacaine, reacted with a 
more than 30% decrease below baseline levels with 
bradycardia at the point of maximal epidural spread 
(90 min after epidural injection). He recovered 
promptly after atropine and ephedrine intravenous 
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injection. Two persons had short periods of tachycar- 
dia and paleness during mobilization without blood 
pressure variations. 


Discussion 

Our subjects consisted of 30 well-trained male volun- 
ieers in each of whom epidural blockade was estab- 
lished. The subjects were hemodynamically stable 
throughout the procedure, and only one experienced 
a short hypotension. No inadvertent effects were 
registered. 

In this study, 1%, 0.75%, and 0.5% ropivacaine 
showed the same ability to block pain perception 
without missing segments. Sensory blockade was 
well established in the lower lumbar and sacral seg- 
ments, segments notoriously difficult to block during 
epidural anesthesia. Ropivacaine should, therefore, 
be a potentially useful anesthetic in orthopedic sur- 
gery. As with other local anesthetics (8), the spread of 
analgesia did not increase with increase in ropiv- 
acaine dose. An increase in dose from 100 to 200 mg 
ropivacaine prolonged the duration of analgesia, 
which is also in agreement with other studies (3). 

As regards motor blockade, the results of our 
study indicate dose dependency. Onset was quicker, 
intensity greater, regression slower, and duration 
longer with increasing concentrations. Motor block- 
ade was also dose dependent when measured by the 
Bromage scale, which is in agreement with the find- 
ings of other investigators (3,9). The grading of 
intensity by Bromage scale is, however, not precise. 
Only three subjects (and two with unilateral block) in 
the 1% ropivacaine group had Bromage grade 3 
block, while their isometric muscle force measured by 
the quantitative method was less than 10% of the 
baseline strength. In the regression phase only 30%- 
40% of baseline muscle strength was present in the 
1% and 0.75% ropivacaine groups at the time when 
the Bromage scale indicated no motor blockade (Bro- 
mage score = 0). This difference in precision between 
the two methods explains why motor recovery 
judged by the Bromage scale was encountered 1.5- 
2.5 h before sensory recovery, while quantitatively 
assessed muscle force returned to baseline strength 
simultaneously with recovery of pain perception. 

Plantar flexion of the big toe (L5-52) was more 
difficult to block than were other movements, with 
higher innervation levels (L1-4), even with high 
doses. This phenomenon has also been described 
with bupivacaine, mepivacaine, and etidocaine (7). 
One possible explanation for this is the larger diam- 
eters of L5-S2 spinal roots, which are more difficult to 
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anesthetize (10). Another explanation could be that 
with the increase in distance from the injection site 
(L2-3), the amount of local anesthetic available de- 
creases. This would result in slower onset and less 
profound motor blockade of L5-S2 segments, which 
was the case in our study. Recovery of muscle 
strength to 90% of the baseline value came signifi- 
cantly earlier than recovery of pain perception only in 
the 0.5% ropivacaine group and for the muscles of toe 
and hip flexion. The reason for this might be that 
higher doses of ropivacaine anesthetize large motor 
neurons to the same degree as smaller sensory ones. 
The differential block (i.e., sensory fibers affected 
more than motor) was encountered when a low 
dose/concentration of ropivacaine was used. It is not 
surprising that muscles of knee extension in the 0.5% 
group behaved differently, as their innervation level 
lies closest to the injection site so that they received a 
large amcunt of ropivacaine. Our results, which are 
supported by others (3), demonstrate a local anes- 
thetic profile, motor versus sensory fiber blockade, 
similar to that which has been found with epidural 
bupivacaine (11). 

Comparisons of 20 mL of 0.5% bupivacaine and 
0.5% ropivacaine for epidural use in patients sched- 
uled for orthopedic surgery found the two drugs to 
be clinically equieffective (12). There were no differ- 
ences in the spread of sensory blockade. Duration of 
analgesia and intensity of motor blockade were 
slightly longer and deeper with bupivacaine. Another 
investigation also reported that 0.5% ropivacaine for 
epidural use is very similar to 0.5% bupivacaine (1). 
On referr-ng to an earlier study by us, with the same 
methods and on comparable material as in this inves- 
tigation (7), the duration of analgesia for 0.5% ropiv- 
acaine is seen to lie between those for 2% mepiv- 
acaine and 0.5% bupivacaine (both with adrenaline), 
whereas that for 0.75% ropivacaine resembles that for 
0.5% bupivacaine with adrenaline. In contrast to 
bupivacaine, which failed to block L5-S1 segments in 
3 of 10 subjects, ropivacaine caused loss of pinprick 
perception in this area in all subjects. As for motor. 
blockade, 0.75% ropivacaine was comparable to 0.5% 
bupivacaine, but maximal motor blockade with bupiv- 
acaine lasted longer. This could be the result of added 
adrenaline. 

It is irteresting to note that pinprick perception 
returned at the same time that isometric muscle 
power regressed to 90% of baseline strength, even 
though there was a tendency for sensory blockade to 
outlast motor blockade, as shown by the two subjects 
who had pronounced analgesia while mobilized. 

In conclusion, ropivacaine has good analgetic 
properties in all three concentrations used in this 
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study. Ropivacaine 1% causes profound motor block, 
but motor blockade is more modest with the 0.5% 
solution. The average total duration of sensory and 
motor blockades (assessed by quantitative method) 
was 7.5, 6, and 4.5 h (5:4:3) for ropivacaine 1.0%, 
0.75%, and 0.5%, respectively. These qualities ensure 
wide clinical application possibilities: from obstetric 
cases and outpatient and pain clinics using 0.5% 
ropivacaine, to long orthopedic operations requiring 
good muscle relaxation with 1% ropivacaine. 


The help and guidance of Bertil Löfström, Professor emeritus of 
Anesthesiology, Linköping University, is greatly appreciated. The 
assistance of Ing-Marie Dimgren is gratefully acknowledged. 
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FX, CITRON GM, SEGIL LJ, PELLIGRINO DA. 
Continuous infusion of interpleural bupivacaine maintains 
effective analgesia after cholecystectomy. Anesth Analg 
1991;72:516-21. 


Twenty-five patients who had undergone elective cholecys- 
tectomy were prospectively randomized to receive via an 
interpleural catheter either a continuous infusion of 0.25% 
bupivacaine at 0.125 mL-kg@ "he! (n = 13) or repeated 
bolus injections (n = 12) of 0.5% bupivacaine with epi- 
nephrine 1:200,000 at 0.4 mL/kg every sixth hour. Ade- 


quacy of pain relief was measured by the amount of 


patient-controlled analgesia morphine required postopera- 
tively and by patient scores on a visual analog scale obtained 
every sixth hour. Two venous blood samples for measure- 
ments of serum bupivacaine levels were obtained from 
patients in the continuous group at hours 6 and 24; four 
blood samples were obtained from patients in the bolus 
group, both immediately before and 30 min after injections 
at hours 6 and 24. Among the patients receiving the bolus 
injections, morphine was required 62 + 15 (SEM) times over 
the 24-h study period with total morphine dosage averaging 
30 + 15 mg. Corresponding values for patients in the 
continuous group were 35 £ 10 times and 23 + 5 mg of 


morphine. The difference was not, however, statistically 
significant, but when activity during the 2-h time periods 
immediately before reinjection were examined, patients in 
the bolus group required and received significantly more 
morphine than did those in the continuous group (P < 
0.05). Patients in the continuous group had visual analog 
scale scores that averaged 2.9 + 0.6 over the 24-h study 
period. Patients within the bolus group had visual analog 
scale scores before and again 30 min after injection that 
averaged 5.8 + 0.8 and 1.8 + 0.5, respectively (P < 0.05). 
Serum buprvacaine levels increased in both groups between 
the sixth and 24th hour measurements; the average postin- 
jection bupivacaine levels were significantly higher (P < 
0.05) with intermittent injection than corresponding levels 
in the continuous infusion group, The bupivacaine level 
rose to 3.2 £ 0.4 pelml 30 min after the bolus injection at 
hour 24. In summary, continuous interpleural infusion of 
0.25% bupivacaine provides safer and more effective post- 
operative pain relief after cholecystectomy than does inter- 
mittent interpleural injection of 0.5% bupivacaine with 
epinephrine every 6 h. 

Key Words: ANESTHETICS, Locat—bupivacaine. 
ANESTHETIC TECHNIQUES, REGIONAL— 
interpleural local anesthetics. PAIN, POSTOPERATIVE. 





Several investigators have reported successful pain 
relief after cholecystectomy with the use of bolus 
injections of bupivacaine through an interpleural 
catheter (IPC) (1-4). In these reports, the catheter 
usually is placed interpleurally at the conclusion of 
the operation; local anesthetic is injected and the 
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general anesthetic then discontinued. The catheter is 
subsequently reinjected with bupivacaine as needed 
to maintain adequate analgesia. The frequency of 
reinjection is determined by the patient’s perception 
of pain. This interval varies among patients and can 
be as frequent as every 3 h when a patient-controlled 
analgesia (PCA) device is used to monitor narcotic 
demand (5). 

Although the catheter technique provides an ele- 
gant, site-specific method for pain relief, it can be 
very labor-intensive to maintain. A physician must be 
available 24 h a day to assess the patient's degree of 
pain, repeat the injection, and watch for signs of 
toxicity. Because the manpower requirements are so 
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large, some departments may find it impossible to 
offer this form of pain relief to patients. We hypoth- 
esized that a continuous infusion of bupivacaine into 
the interpleural space might provide sustained pain 
relief and thereby limit the systemic narcotic require- 
ments that are needed when repeated interpleural 
bolus injections of bupivacaine are used. Further- 
more, such a technique might avoid the large peaks 
in serum bupivacaine levels seen with repeat inter- 
pleural bolus injections and possibly provide a more 
stable degree of analgesia. 


Methods 


After approval by our institutional review board, 25 
ASA physical status I and II patients scheduled to 
undergo cholecystectomy gave written consent to 
participate in the study. All patients underwent gen- 
eral anesthesia with an inhalational agent and had no 
pre- or intraoperative narcotic except for 100 ug 
fentanyl toward the conclusion of the operation. At 
this time, the effects of muscle relaxation were re- 
versed and the patient was allowed to breathe spon- 
taneously while the IPC was placed. We chose the 
anterior axillary line just superior to the sixth rib as 
our entry site. After the area was aseptically cleansed 
and draped, an 18-gauge modified Hustead needle 
was advanced at a 90° angle to the skin. The stylet 
was removed and a glass syringe filled with 2 mL 
bupivacaine and 2 mL air was attached to the needle 
and advanced until the parietal pleura was perforated 
and the plunger pulled inward. The bevel of the 
needle was directed toward the patient’s right shoul- 
der, and an epidural catheter was threaded 5 cm 
through it. The needle was then withdrawn and 
the catheter secured with a sterile dressing. Before 
awakening and extubation, each patient received 
0.4 mL/kg of 0.5% bupivacaine with epinephrine 
1:200,000 with a dose not in excess of 35 mL. Chest 
x-rays were not obtained after IPC placement. Careful 
note was made of the patient’s breath sounds, respi- 
ratory rate, tidal volume, and oxygen saturation as 
measured by pulse oximetry before and after inser- 
tion of the needle and catheter. No changes sugges- 
tive of a pneumothorax occurred. 

Patients had been randomized preoperatively to 
receive either a continuous infusion of plain 0.25% 
bupivacaine at 0.125 mL-kg~!-h7’ (12 patients) or 
repeat bolus injections of 0.5% bupivacaine with 
epinephrine at 0.4 mL/kg every sixth hour (13 pa- 
tients). Because of the equipment required for infu- 
sion of medication, it was impossible to double-blind 
the study. The infusion rate used was chosen because 
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during a 6-h time period it provides approximately 
the same amount of local anesthetic as is delivered by 
repeated bolus injections. Epinephrine was not 
thought to be needed to slow systemic absorption in 
the continuous group because of the relatively slow 
rate of infusion compared with bolus injection. Pa- 
tients who received bolus injections were kept supine 
during the IPC injections and for 20 min thereafter. 
No position constraints were placed on those receiv- 
ing continuous infusions; they were encouraged to sit 
and even to ambulate during the infusion. Patients in 
both groups had been previously oriented to the use 
of PCA equipment (Abbott Lifecare PCA infuser 
4100). This was made immediately available to them 
as they entered the postanesthetic care unit. Mor- 
phine sulfate dosages were set at bolus 0, continuous 
0, PCA 1 mg with a lockout period of 5 min. Patients 
were encouraged to use PCA as needed to provide 
relief from abdominal pain. 

Patients in the continuous infusion group had 
venous blood samples for measurement of serum 
bupivacaine levels drawn at hours 6 and 24 (a gas 
chromatographic procedure following the method of 
Park et al. [6] performed by National Medical Serv- 
ices, Willow Grove, Pa.). In addition, visual analog 
scale (VAS) pain scores were obtained every 6 h. 
Patients in the bolus group had IPC injections every 
6 h. Blood samples were drawn immediately before 
and 30 min after the injections at hours 6 and 24. 
Visual analog scale scores were also obtained every 
6 h both before and 30 min after each injection 
throughout the night. Twenty-four-hour PCA-usage 
logs were printed from all PCA devices to document 
the number of demands for morphine sulfate made, 
and the amount of narcotic the patient actually re- 
ceived. 

Statistical significance was evaluated by two-way 
analysis of variance for repeated measures, the 
Tukey—Kramer post hoc test, and the unpaired Stu- 
dent's t-test. A P value less than 0.05 was considered 
to be statistically significant. A Bonferroni correction 
for multiple comparisons was made when appropri- 
ate. Data are expressed as mean + standard error of 
the mean. 


Results 


Patients in each group were similar with respect to 
age, sex, weight, and ASA classification (Table 1). All 
had subcostal incisions for cholecystectomy without 
common bile duct exploration or additional incidental 
procedure. No patient suffered a complication from 
catheter insertion, drug injection, or drug infusion. 
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Table 1. Characteristics of Patients Assigned to 
Treatment Groups 





ASA 
Age Sex Weight status 
Treatment n (yr) (M/F) (kg) (i) 
Continuous 13 42 +13.5 2/11 77.9 £ 13 10/3 
infusion 
Intermittent 12 39.7 +13.7 1/1 77.2 £ 22 8/4 
injections 





Values for age and weight are expressed as mean + sp. 
No significant differences among treatment groups for any variable. 


Among the patients receiving bolus injections of 
bupivacaine, demand for morphine sulfate was made 
an average of 62 + 15 times; morphine sulfate given 
averaged 30 + 15 mg during the 24-h study period. 
These patients demanded and received significantly 
more morphine sulfate during the 2-h intervals before 
repeat injections than did patients in the continuous 
infusion group during these same time intervals (see 
Figure 1). Among the patients receiving continuous 
infusions, cumulative demand for and receipt of 
morphine sulfate averaged 35 + 10 times and 23 + 
5 mg during the study period; these differences 
tended toward, but did not achieve, significance (P = 
0.12 and 0.17, respectively). 

` In the continuous infusion group, VAS scores 
averaged 2.9 + 0.6 over the 24-h study period. In 
patients in the bolus group, VAS scores before and 
30 min after IPC injection averaged 5.8 + 0.8 and 1.8 
+ 0.5, respectively. The preinjection VAS scores in 
the bolus group were significantly higher than both 
the postinjection and continuous infusion VAS scores 
(see Figure 2). 

Serum bupivacaine levels increased in both groups 
between hours 6 and 24 (Figure 3). In the continuous 
infusion group, the average 6-h plasma level of 1.2 + 
0.1 yg/mL increased to 1.8 + 0.2 ug/mL at hour 24. 
Within the bolus group, the 6-h preinjection average 
of 0.7 +°0.1 g/mL increased to 1.9 + 0.2 pg/mL 
30 min after injection. At hour 24, the preinjection 
level of 1:8 + 0.2 g/mL climbed to 3.2 + 0.4 pg/mL 
30 min after reinjection. In the bolus group, average 
postinjection bupivacaine levels were significantly 
higher than corresponding bupivacaine levels in the 
gróup receiving a continuous infusion. 


Discussion 


Interpleural injections of bupivacaine have been 
shown to be safe in the treatment of postcholecystec- 
tomy pain (1,2,5). Analgesia is localized to the surgi- 
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cal site, and the need for supplemental narcotics is 
diminished (5). The initial reports of prolonged pain 
relief, however, have not been supported by subse- 
quent studies. Many investigators have shown only 
3-4 h of analgesia despite the use of larger bolus 
doses of bupivacaine than initially described (5,7,8). 
Our experience confirms these findings. Because of 
the need for frequent reinjections, the IPC technique 
is much less attractive than the initial report of its use 
suggested. The demand on an anesthesiologist’s time 
can be so prohibitive that departments may not be 
able to ofer the technique. We hypothesized that a 
continuous infusion of IPC bupivacaine might pro- 
vide analgesia that is at least as satisfactory as that 
achieved by intermittent bolus injections while avoid- 
ing wide swings in plasma bupivacaine levels. 

Our findings indicate that the continuous infusion 
method of bupivacaine delivery is superior to that of 
repeat bolus injections. When the degree of pain a 
patient experiences was assessed by VAS, patients in 
the bolus group complained of significantly more 
pain immediately before each of the four reinjections 
than 30 min after the injection. They also had signif- 
icantly more pain than did patients having a contin- 
uous interpleural infusion of bupivacaine at a com- 
parable time. This is further evidenced when the 
demand for morphine sulfate and amount given, as 
recorded from PCA infusion devices, is used as an 
index of the amount of pain a patient had. During 
each of the 2-h intervals before reinjection, patients in 
the bolus group demanded and received significantly 
more morphine sulfate than did those in the contin- 
uous infusion group. During the 24-h study period, 
patients in the bolus group needed more morphine 
sulfate than did those in the continuous group. This 
difference, however, did not achieve statistical signif- 
icance. 

When blood levels are examined, the superiority of 
the infusion method is even clearer. Patients having 
bolus interpleural injections had serum levels that 
significantly increased 30 min after each injection. 
When hour-6 levels are examined, patients in the 
bolus group had levels that were both significantly 
higher than those of patients in the continuous group 
and alse close to a toxic level. At hour 24, the 
preinjection serum bupivacaine levels were compara- 
ble to levels in the continuous infusion group. Thirty 
minutes after bupivacaine injection, however, serum 
levels increased significantly so that 6 of the 12 
patients nad levels well within the toxic range (Figure 
4). One patient had a level of 4.7 g/mL. No signs or 
symptoms of toxicity were noted by the examiner 
who was present to obtain a repeat VAS score and 
blood sample. These high levels are troubling and call 


de 


CONTINUOUS INTERPLEURAL BUPIVACAINE 


CI DEMAND 
mm USE 


Morphine demand (# attempts) 
or use (mg) per 2 hour Interval 


§ 2 82 8 2 
88 8 8 8 8 
4—6 10-12 16—18 

INTERVAL (HOURS) 


Figure 1. Morphine demand and use during four 2-h intervals and 
over the entire 24 h of study in patients having either continuous 
interpleural infusion or repeat interpleural injections (every 6 h) of 
bupivacaine. Results are expressed as mean + Sx. 
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Figure 2. Visual analog pain scale scores in patients having a 
continuous interpleural infusion or bolus injections of bupivacaine. 
Scores in the latter group were made before and after each 
injection. Values are expressed as mean + sz. 


into question the safety of prolonged use of this 
technique. Even patients in the continuous infusion 
group showed a trend toward toxicity when the 24-h 
levels are compared with those from hour 6. 
Several other investigators have used continuous 
interpleural infusions of bupivacaine. Rocco et al. 
used the technique in treating three patients with 
multiple, traumatic rib fractures (9). All patients were 
initially given 20 mL of 0.5% bupivacaine, after which 
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Figure 3. Serum bupivacaine concentrations in the patient groups 
represented in the previous two fi . Samples for analysis in 
patients having repeated interpleural injections were obtained 
before and after bupivacaine injections at 6 and 24 h. Single 
samples were obtained at 6 and 24 h in the continuous infusion 
group. Values are expressed as mean + sE. 


they received a continuous infusion of 0.25% or 0.5% 
bupivacaine at 5-10 mL/h for 5-10 days. The 0.5% 
concentration provided excellent pain relief with a 
venous bupivacaine level ranging from 1.1 to 
2.4 g/mL measured only at 1 and 6 h after onset of ~ 
the infusion. No signs of toxicity were reported. 
Mclivaine et al. studied children after thoracotomy 
(10). When the patient was alert in the postanesthetic 
care unit, a continuous infusion of 0.25% bupivacaine 
with 1:200,000 epinephrine was begun at a rate of 
0.5 mL-kg7’-h~*. If analgesia was inadequate as 
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Figure 4. Individual values for the results summarized in Figure 3. 


The dashed line represents the reported serum concentration thresh- 
old for the appearance of symptoms of toxicity. 


assessed by the patient’s nurse, the infusion was 
increased up to 1 mL-kg™?-h7!. Narcotic was given 
only if pain persisted while the patient received the 
maximum rate of bupivacaine infusion for 30 min. 
Narcotics were not required by any patient during the 
infusion. Arterial bupivacaine concentrations were 
measured every 4 h. In their 14 patients, 11 attained 
plasma bupivacaine levels >2 pg/mL, five patients 
>4 g/mL, and one patient >7 wg/mL during 24 h of 
therapy. No patient had signs or symptoms of car- 
diovascular or central nervous system toxicity. 

Rosenberg et al. also examined the use of contin- 
uous IPC infusions of bupivacaine in 14 adults who 
had undergone thoracotomy (11). Results were less 
favorable in that all patients. complained of chest pain 
and had to be medicated with intramuscular narcot- 
ics. They found that IPC bupivacaine administration 
was unsatisfactory in the management of postthora- 
cotomy pain and theorized that there was inadequate 
delivery of the medication to the target nerves be- 
cause of chest tube drainage. At hour 24, mean 
plasma bupivacaine levels averaged 1.6 + 1.0 ug/mL 
with one individual reaching 3.68 wg/mL. Again, no 
signs of toxicity were noted. 

Our study differs from others in that we randomly 
assigned patients to receive either continuous or 
bolus IPC bupivacaine after cholecystectomy. Our 
patients all had immediate access to systemic mor- 
phine sulfate via PCA equipment and were encour- 
aged to use the narcotic to relieve any right upper 
quadrant pain. We assessed their degree of discom- 
fort by the use of VAS scores obtained every 6 h as 
well as by the examination of morphine sulfate de- 
mand/receipt logs from the PCA machines. Serum 
levels were measured at specific times during the 
24-h study period to determine bupivacaine levels. 
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We found no complications associated with the 
use of either technique. After a brief explanation, the 
nursing staff was able to care for the patients with the 
continuous infusions with little additional input from 
our department. We were available every 6 h to 
obtain blood samples and VAS scores, yet found that 
we had to expend no additional effort for the care of 
these patients. Use of this technique without such 
attentiveness from the anesthesia staff will be needed 
to determine if a continuous infusion truly allows for 
decreased physician input. 

The high serum bupivacaine levels were surprising 
especially in light of this ASA I and II patient popu- 
lation with no liver or kidney impairment. The trend 
toward toxicity suggests that prolonged use of this 
technique should take place only with concurrent 
measurements of serum bupivacaine levels. No signs 
of toxicity were noted despite levels much higher 
than the 2-4-ug/mL range described as causing cen- 
tral nervous system changes. This is in keeping with 
other reports of high bupivacaine levels with no 
symptoms and confirms work by Scott that the abso- 
Iute toxic plasma concentration is more dependent on 
the rate cf change in the plasma than on any specific 
concentration (12). 

In summary, the use of a continuous IPC infusion 
of 0.25% plain bupivacaine for postcholecystectomy 
patients provided safer and more effective pain relief 
than is >rovided ‘by injections every sixth hour. 
Patients requested and received morphine sulfate less 
frequently than did those given interpleural injec- 
tions every 6 h. This difference tended toward but did 
not achieve significance. When the 2-h periods before 
each repeat injection were examined, patients in the 
continuous infusion group had significantly less pain 
than did those having bolus injections. This was 
measured both by lower VAS scores and by de- 
creased demand and receipt of morphine sulfate. 
Patients in the continuous infusion group had lower 
serum bupivacaine levels, although some patients in 


both groups had increases in bupivacaine levels over | 


the 24-h study period. No complications were noted 
in patients in either group. 
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epidurally administered sufentanil, morphine, and 
sufentanil-morphine combination for postoperative 
analgesia. Anesth Analg 1991;72:522-7. 


Postoperative analgesia provided by epidurally adminis- 
tered sufentanil andlor morphine was evaluated in 45 
patients recovering from major gynecologic surgery. At the 
first complaint of pain in the Postanesthesia Care Unit, 
patients received a single epidural bolus of 30 ug sufentanil 
(group A), 5 mg morphine (group B), or 30 pg sufentanil 
plus 3 mg morphine (group C) in a randomized blinded 
fashion. Analgesic efficacy was assessed throughout the 
24-h study period with 10-cm visual analog scales. The need 
for additional postoperative analgesia (patient-controlled 
analgesia, 1 mg of morphine every 6 min as necessary) and 
the incidence of adverse effects were also assessed. 


Patients receiving sufentanil (groups A and C) had 
significantly faster onset of analgesia than did patients 
given morphine alone (group B, P < 0.05). Group B 
subjects experienced the longest duration of analgesia (B vs 
A and C, P < 0.05) and required significantly less 
patient-controlled analgesia (morphine) than patients in 
group A (P < 0.05). No patient developed clinically 
significant respiratory depression or excessive sedation, and 
there were no intergroup differences in incidence of pruritus 
or nausea (P value not significant). The data indicate that a 
mixture of sufentanil and morphine provides either a more 
rapid onset of epidural analgesia or reduced patient- 
controlled analgesia narcotic requirement than respective 
doses of each agent administered alone. 


Key Words: ANESTHETIC TECHNIQUES, 
EPIDURAL—opioids. PAIN, POSTOPERATIVE. 
ANALGESICS, MORPHINE, SUFENTANIL. 





Preservative-free preparations of morphine provide 
effective and prolonged epidural analgesia and are 
commonly administered after a variety of surgical 
procedures (1-3). Morphine’s low lipid solubility and 
its propensity to remain sequestered in cerebrospinal 
fluid (4) are responsible for a number of less desirable 
characteristics, including a delayed onset of peak 
analgesic effect (5) and late-onset respiratory depres- 
sion (6,7). Although highly lipophilic opioids such as 
sufentanil provide a more rapid onset of pain relief 
(8-10), duration of epidural analgesia is limited (9-11) 
unless the drug is continuously infused (12). 

The combination of morphine and a more lipo- 
philic opioid has been advocated as a method to 
improve the overall quality of epidural analgesia; 
however, research in this area has yielded conflicting 
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results. Although preliminary evaluations found 
more rapid onset and an additive duration of pain 
relief (11,13,14), a recent investigation (15) reported 
that the combination of morphine and fentanyl pro- 
vided less effective postoperative analgesia than mor- 
phine alone. 

The following randomized double-blind investiga- 
tion examined the safety and efficacy of postoperative 
analgesia provided by a mixture of sufentanil, a 
lipophiliz opioid having high affinity for spinal cord 
p-receptors, and preservative-free morphine. 


Materials and Methods 


The present investigation was approved by the Yale 
University School of Medicine Human Investigations 
Committee and required informed written consent. 
Healthy women (ASA physical status I and I) pre- 
senting for elective abdominal hysterectomy and re- 
questing both epidural anesthesia and postoperative 
intravenous patient-controlled analgesia (PCA) were 


x 


EPIDURAL SUFENTANIL PLUS MORPHINE 


invited to participate. Exclusion criteria included age 
over 65 yr, weight over 100 kg, history of alcohol or 
opioid abuse, and allergy to morphine or sufentanil, 
Patients were instructed in the use of the PCA device 
and were informed that their level of analgesia and 
respiratory rate would be continually assessed during 
the 24-h study period. 

All patients were premedicated with midazolam 
(0.03 mg/kg) within 1 h before anesthetic induction 
and were hydrated with lactated Ringer's solution 
(12-15 mL/kg) before epidural catheter insertion at 
the L2-3 interspace. A T1-T4 sensory level to 
pinprick was achieved using 2% lidocaine with epi- 
nephrine (1:200,000). Small doses of midazolam 
(0.01-0.02 mg/kg intravenous) were used to provide 
intraoperative sedation. All medications, both intra- 
venous and epidural, were withheld 30 min before 
the completion of surgery to ensure that patients 
were alert and had a regressing level of epidural 
blockade (T6-T8) on arrival in the Postanesthesia 
Care Unit (PACU). While in the PACU, patients were 
continuously monitored with electrocardiogram and 
pulse oximetry and followed up by one of the three 
nurse observers specifically assigned to the study. 

At 10-min intervals, each patient was asked to 
indicate her level of pain intensity on a 10-cm visual 
analog scale (VAS) anchored with 0 representing “no 
pain” and 10 cm as “worst pain.” When the patient 
first reported moderate postoperative discomfort 
(VAS = 3 cm), a physician investigator slowly admin- 
istered a single 10-mL epidural bolus of 30 ug sufen- 
tanil (Sufenta, Janssen Pharmaceutica, Piscataway, 
N.J.) (group A), 5 mg morphine sulfate (Duramorph, 
Elkins-Sinn, Inc., Cherry Hill, N.J.) (group B), or 
30 ug sufentanil plus 3 mg morphine sulfate (group 
C) in a blinded fashion. Study solutions were pre- 
pared and delivered in unlabeled glass syringes by 
the Hospital Investigational Drug Service. 

Patients remaining uncomfortable (VAS = 3 cm) 
20 min after receiving the epidural study narcotic 
were given a “rescue” bolus of fentanyl (50 yg) 
intravenously. Additional 50-ug boluses were admin- 
istered every 15 min as required while the patient 
remained in the PACU. On transfer to the ward, 
patients were attached by an intravenous catheter to 
a PCA pump programmed to administer 1-mg doses 
of morphine with a 6-min lockout interval and a 4-h 
maximum dose of 30 mg. Patients were instructed to 
initiate PCA dosing when they experienced an unac- 
ceptable increase in the intensity of postoperative 
pain. 
In addition to the pain intensity VAS, vital signs, 
level of sedation, the need for additional analgesic, 
and the incidence/severity of adverse effects were 
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assessed at 5, 7, 10, 15, 20, 30, 45, 60, 90, 120, 180, 
240, 300, 360, and 480 min after study drug adminis- 
tration and every 4 h thereafter. Visual analog scale 
pain scores were also measured immediately before 
initiation of PCA. Total PCA dose administered was 
recorded throughout the 24-h study period. When 
the nurse investigator was not at the bedside, the 
patient was continuously monitored via telemetry 
with a belt-impedance apnea monitor (Monotron, 
American Health Products Inc., Norwalk, Conn.). 

Serial pain intensity VAS scores were used to 
determine the following: (a) Onset constituted the 
time until a reduction in pain intensity VAS of at least 
1 cm occurred on two consecutive evaluations; (b) 
Tso was the time until a pain intensity difference 
=50% of baseline VAS was reported; (c) Tina, repre- 
sented the time until the maximum pain intensity 
difference from baseline was achieved; and (d) time to 
PCA (duration) was the elapsed time between onset of 
epidural analgesia and patient initiation of PCA ther- 
apy. 

The level of sedation was assessed using a ranked 
scale where 0 = alert; 1 = drowsy; 2 = very drowsy; 
3 = very drowsy and disoriented; and 4 = stuporous. 
The percentage of patients with sedation scores =2 
was tabulated. The percentages of patients with de- 
creased respiratory rate (<10 beats/min), moderate to 
severe pruritus, or nausea and vomiting that required 
treatment with intravenous droperidol (0.625 mg) 
were also recorded. 

Demographic variables and adverse effects within 
the three treatment groups were compared simulta- 
neously via analysis of variance (continuous varia- 
bles) or the x? test (categorical variables). Baseline 
pain intensity was compared via one-way analysis of 
variance. For each computed parameter, the data 
were analyzed by analysis of covariance with subse- 
quent pairwise comparisons of treatment groups an- 
alyzed with individual t-tests. Statistical tests with 
P values of 0.05 or less were considered to be statis- 
tically significant. 


Results 


All 45 patients enrolled in the study completed the 
entire protocol without significant complications. 
There were no significant differences among the three 
treatment groups with regard to patient demograph- 
ics (Table 1). Likewise, there were no intergroup 
differences in time from completion of surgery to 
administration of study drug and in baseline pain 
intensity VAS score (P value not significant). 

All treatment groups eventually achieved a very 
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Table 1. Summary of Demographic and Pretreatment Data 





Group A 
Parameter (sufentanil 30 ug) 
No. patients entered 15 
No. prematurely discontinued 0 
ASA classification 
I 4 (26.7%) 
I 11 (73.3%) 
Age (yr) 43.4 + 8.4 
Weight (kg) 68.2 + 14.0 
Time to study drug 
administration (h) 
Mean + sp 0.7 + 0.3 
Median 0.5 
Range 0.1-1.5 
Baseline pain intensity (VAS cm) 
Mean + sp 3.8 + 1.6 
Median 3.3 
Range 2.9-7.6 
For age and weight, values are expressed as mean + sp. 
Table 2. Summary of Effectiveness (time) 
Group A 
Parameter (sufentanil 30 ug) 
Onset (h) 
Mean + sp 0.1 0.1 
Median 0.1 
Range 0.1-0.6 
Tso (h) 
Mean + sp 0.4 + 0.8 
Median 0.1 
Range 0.1-3.0 
Torax (h) 
Mean + sp 0.8 + 0.7 
Median 0.6 
Range 0.2-3.0 
Time to PCA (duration) (h) 
Mean + sp 3.4 + 4.2 
Median 2.5 
Range 1.0-17.6 





SINATRA ET AL. 
Group B Group C 
(morphine 5 mg) (combination) 
15 15 
0 0 
3 (20.0%) 6 (40.0%) 
12 (80.0%) 9 (60.0%) 
42.7 + 6.8 42.8 + 6.5 
67.5 + 12.5 67.0 + 13.9 
0.7 £ 0.3 0.7 + 0.2 
0.6 0.6 
0.2~2.5 0.2-1.6 
3.5 + 1.7 3.7+£1.5 
3.1 3.4 
2.7-7.6 2.9-7.9 
Group B Group C 
(morphine 5 mg) (combination) 
1.7 £ 14 0.2 + 0.3 
2.0 0.1 
1.0-4.0 0.1-1.0 
21£17 0.6 + 1.4 
2.0 0.1 
1.2-5.8 0.1-5.7 
5.9 + 3.3% 0.8 + 1.3 
4.0 0.5 
2.0-12.0 0.5-5.0 
11.7 + 8.% 45+53 
13.0 2.8 
2.0~-23.3 0.9-18.9 





“Significantly different compared with groups A and C (P < 0.01). 


low level of pain intensity, albeit for varying periods 
of time. As noted in Table 2, both groups of patients 
who received sufentanil (A and C) had significantly 
faster onset (P < 0.01), Tso% (P < 0.01), and Tnax (P < 
0.01) than did the group that received morphine 
alone (group B). Figure 1 illustrates pain intensity 
VAS difference from baseline before initiation of 
PCA. Consistent with the faster onset of pain relief, a 
smaller proportion of patients in groups A and C 
required at least one rescue dose of fentanyl (P < 
0.01) than that in group B (P < 0.01, Table 3). 
Patients in groups A and C had a significantly 
shorter interval before initiating PCA (duration) than 
those in group B (P < 0.01). There was no significant 


difference in this interval between groups A and C 
(P value not significant, Table 2). Morphine require- 
ments during the 3-h interval after initiation of PCA 
were significantly greater in group A than in either 
group C or group B (P < 0.05, Table 3). Group A also 
required significantly more PCA narcotic over the 
24-h study period than groups B (P < 0.01) or C (P < 
0.05). l 
Clinically significant respiratory depression was 
not observed. No patient experienced a decrease in 
oxygen saturation below 92% while monitored by 
pulse oximetry in the PACU. Continuous telemetric 
monitoring and nursing assessment of respiration did 
not detect a respiratory rate of 10 breaths/min or less 


EPIDURAL SUFENTANIL PLUS MORPHINE 


CHANGE IN PAIN INTENSITY FROM BASELINE 














movgqeee «= SUFENTANIL 
—o-— MORPHINE 
COMBINATION 






eng penne 





(em) 
o 


0 6 120 180 240 300 360 420 480 540 600 660 720 
MINUTES FOLLOWING ADMINISTRATION 


Figure 1. Change in mean pain intensity from baseline VAS scores 

during the first 12 h after epidural administration of study narcotic 
(values presented reflect scores before initiation of PCA). 

“Significant difference: group B (morphine) versus groups A and C 
(sufentanil, combination), P < 0.05. “Significant difference: group 
B (morphine) versus group A (sufentanil), P < 0.05. 


in any patient during the 24-h study interval. There 
were no significant intergroup differences in the 
percentage of patients assigned sedation scores of 2 
or greater (Table 4). Excessive sedation (i.e., score = 
4) was not observed. 

A large percentage of patients in each treatment 
group experienced either nausea/vomiting or pruritus 
during the study period (Table 4); however, signifi- 
cant intergroup differences in incidence were not 
observed. 


Discussion 


Patients who received single epidural bolus injections 
of sufentanil, morphine, or a combination of sufen- 
tanil plus morphine eventually achieved complete 
postoperative analgesia; however, significant inter- 
group differences were noted with regard to onset 
and duration of pain relief. 

Sufentanil’s ability to provide rapid and highly 
effective epidural analgesia was of particular benefit 
in the present study protocol where patients experi- 
enced the earliest aspects of postsurgical pain as their 
epidural anesthetic level regressed. In contrast, the 
delayed analgesic onset of epidurally administered 
morphine was associated with unacceptably high 
pain intensity scores that mandated intravenous ad- 
ministration of short-duration opioids. Such observa- 


ANESTH ANALG 525 
1991 ;72:522-7 


tions compare favorably with data previously re- 
ported by Van der Auwern and coworkers (16), who 
noted that the onset of postoperative analgesia with 
epidural sufentanil (50 ug) was four times as rapid 
but the duration only half as long as that provided by 
morphine (5 mg). 

Consistent with previous investigations (9,10,16, 
17), patients given sufentanil alone requested addi- 
tional pain medication within 3-4 h after administra- 
tion and required relatively large amounts of 
parenteral opioid during the remainder of the study 
period. In this regard, 24-h morphine PCA require- 
ments were comparable to amounts self-administered 
by patients recovering from this form of surgery who 
had not received epidural analgesics (18). 

The combination of lipophilic opioids and small 
amounts of morphine has been reported to provide 
highly effective epidural analgesia and either additive 
or supra-additive duration of activity. In two primary 
evaluations, Naulty and coworkers (11,14) found that 
epidural mixtures of either sufentanil or fentanyl plus 
morphine offered a more rapid onset and similar 
analgesic duration than larger doses of morphine in 
patients recovering from cesarean delivery. Likewise, 
Lema and Reiestad (13) reported that the combination 
of alfentanil and morphine (4 mg) provided a longer 
duration of postoperative pain relief and a lower 
incidence of side effects than 5 mg of morphine alone. 
In the present investigation, the combination of su- 
fentanil and a 3-mg dose of morphine offered the 
benefits of a more rapid onset than morphine and 
lower 24-h parenteral narcotic requirement than a 
single dose of sufentanil; however, in contrast to the 
above studies, an additive duration of analgesia was 
not observed. This lack of potentiation is in agree- 
ment with the more recent findings of Cohen et al. 
(15) who reported shortened analgesic duration and 
an increased requirement for supplemental systemic 
opiates when patients given the combination of epi- 
dural morphine and fentanyl were compared with 
others treated with morphine alone. 

The majority of patients in the combination group 
in the present study began self-administering PCA 
morphine during the analgesic trough between su- 
fentanil’s maximum reduction in pain intensity at 1 h 
and morphine’s delayed maximal analgesic effect at 
6 h. During this interval, patients needed to self- 
administer only minimal amounts of narcotic to rees- 
tablish effective pain relief as evidenced by their low 
3-h PCA dose requirement. It is conceivable that a 
larger dose of sufentanil could have eliminated this 
“window” by extending the duration of epidural 
analgesia to a point that blended with the progressive 
increase in pain relief provided by morphine. In 
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Table 3. Narcotic Requirements 

Group A Group B Group C 
Parameter (sufentanil 30 ug) (morphine 5 mg) (combination) 

% Requiring fentanyl 0 73.3" 13.3 
“rescue” 

Total PACU fentanyl (ug) — — — 
Mean + sp 0 69.5" 12.5 
Median 0 50 0 
Range 0 0-200 0-125 

3h PCA morphine (mg) 

Mean + sp 16.8 + 11.0” 7.2 + 6.1 7.5 + 69 
Median 15 6.5 7 
Range - 7.5-30.5 1-11 1-16.5 

24-h PCA morphine (mg) 

Mean + sp 45.5+17.0° 11.3 + 13.8 25.5 + 18.0 
Median 39.3 7 20.5 
Range 18-70 0-49 1-72.5 

“Significantly different compared with groups A and C (P < 0.01). 

‘Significantly different compared with groups B and C (P < 0.01). 

PACU, postanesthesia care unit; PCA, patient-controlled analgesia. 

Table 4. Incidence of Adverse Events Before Initiation of Patient-Contralled Analgesia 
Group A Group B Group C 
(sufentanil 30 ug) (morphine 5 mg) (combination) 

Parameter n % n % % P value 
Sedation score =2 2 13.4 3 20.0 2 13.4 NS 
Respiratory ' 0 — 0 — 0 — NS 

depression 

Nausea and vomiting 8 53.3 5 33.3 9 60.0 NS 

Pruritus 3 20.0 5 33.3 7 46.7 NS 

i NS, not significant. 


patients recovering from cesarean delivery (9) or 
general surgery (10,17), increasing the sufentanil 
dose from 25 to 70 ug resulted in a respective increase 
in analgesic duration from 3 to 5 h. Nevertheless, a 
high degree of caution must be exercised when 
employing larger doses of sufentanil because a num- 
ber of “immediate-onset” respiratory arrests have 
been reported with epidural boluses greater than 
50 ug (17,19). 

` The incidence and severity of troublesome side 
effects associated with epidural morphine appear to 
be related to increases in dose (1,5). Previous combi- 
nation studies (11,13) employing lower doses of mor- 
phine (under 5 mg) have reported a reduced occur- 
rence of nausea and pruritus. However, despite a 
40% reduction in dose, patients in group C receiving 
sufentanil plus morphine had an incidence of adverse 
events similar to those receiving morphine alone. 

In conclusion, the epidural administration of a 
combination of sufentanil and morphine offered the 
advantages of either more rapid onset or reduced 
requirement for self-administered narcotic than re- 


spective doses of morphine or sufentanil alone in 
patients recovering from intraabdominal gynecologic 
surgery. Although not providing an additive dura- 
tion of analgesia, the mixture appears to be useful in 
settings where an established pain stimulus must be 
rapidly attenuated. Methods of further extending 
duration of pain relief, including the use of larger 
doses of morphine or sufentanil, should be evalu- 
ated. 
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The effects of clear liquids on gastric volume and pH were 
examined in 30 healthy ASA physical status I volunteers. 
After overnight fasting, a Salem-sump nasogastric tube was 
inserted and gastric contents were removed for measure- 
ment of volume and pH. Gastric contents were then 
reinserted through the nasogastric tube into the stomach, 
The volunteers were randomly divided into three groups: 
group 1 (n = 10) received 240 mL water, group 2 (n = 10) 
received 240 mL coffee, and group 3 (n = 10) received 


240 mL pulp-free orange juice. All liquids were adminis- 
tered orally. Gastric contents were then again aspirated, 
measured for volume and pH, and reinserted through the 
nasogastric tube every half hour until gastric volume was 
<25 mL. All volunteers had gastric volumes <25 mL with 
a slight decrease in pH within 2 h of orally taking one of the 
three 240-mL liquids. These data suggest that if patients 
have ingesied a moderate amount of clear liquids it is safe to 
conduct general anesthesia after a 2-h fast in healthy 
surgical patients. 


Key Words: GASTROINTESTINAL TRACT, 
STOMACH—pH and volume with fasting. 





Outpatient anesthesia is becoming increasingly im- 
portant in clinical practice in response to recent 
cost-containment pressures. At times, patients sched- 
uled for outpatient surgery do not comply with 
instructions regarding fasting and ingest liquids pre- 
operatively. In such cases, the anesthesiologist is in a 
dilemma as to a safe time for induction of anesthesia 
without undue risk of vomiting with aspiration of 
stomach contents. 

The current recommendations for fasting before 
elective surgery are based on a gastric emptying time 
for solids that is generally considered to be 8 h (1). It 
is well known that water either passes through the 
stomach or is absorbed very rapidly. A recent study 
showed that half of 750 mL of water ingested disap- 
pears from the stomach in 20 min (2). Thus, it may 
not be necessary to wait 8 h before induction of 
anesthesia after ingestion of clear liquids. We there- 
fore conducted a prospective randomized study in 
healthy volunteers to assess gastric emptying time, 
changes in gastric volume, and pH after ingestion of 
water, black coffee, and pulp-free orange juice. 
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Methods 


The study was approved by the hospital’s human 
research committee, and informed written consent 
was obtained from 30 healthy volunteers, ASA phys- 
ical status I. Volunteers with a history of gastrointes- 
tinal problems, pregnancy, gastric surgery, smoking, 
or alcoholism, and those taking medications were not 
included in the study because we intended the study 
to address the issue as regards relatively healthy 
patients. During the study period, the volunteers 
were allowed to move about freely, watch television, 
listen to music, or lie down and relax in an easy chair, 
so that they felt comfortable. We do not routinely 
premedicate ambulatory surgical patients; therefore, 
our volunteers were not premedicated. 

After an overnight fast, an 18F Argyle Salem Sump 
nasogastric tube was gently inserted through the 
nose into the stomach after local application of 
lidocaine viscous jelly. The position of the nasogastric 
tube was confirmed by auscultation over the stomach 
while air was inserted through the tube with a 
syringe. Air was then allowed to escape through the 
open nasogastric tube, and the tube was taped to the 
side of the nose. Using a 60-mL Toomey syringe, 
gastric contents were then aspirated through the 
nasogastric tube with volunteers in the supine, sit- 
ting, and both lateral and head-down positions to 
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Table 1. Demographic Data 
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Group 1 Group 2 Group 3 Statistical 
(water) (coffee) (orange juice) significance 

Age (yr) 30.7 + 5.9 30.4 + 9.9 30.3 + 6.4 NS 
Height (cm) 172.2 + 10.9 169.4 + 5.6 171.2 2 6.1 NS 
Weight (kg) 73.5 + 16.5 68.6 + 13.7 72.9 + 11,3 NS 
Sex (M/F) 7/3 6/4 6/4 
Fasting time (h) 11.7 £1.1 12.3 + 1.8 11.7 + 1.6 NS 

NS, no statistically significant differences. 

Except for sex, values are expressed as mean £ sp. 
Table 2. Gastric Volume 

Group 1 Group 2 Group 3 
(water) (coffee) (orange juice) ae 
Time Vol n Vol n Vol n significance 

Baseline value 33.3 + 26.3 10 26.5 + 17. 10 23.0 + 11.6 10 NS 
30 min 45.5 2 44.9 10 48.8 + 39, 10 93.5 + 53.5 10 NS 
60 min 31.6 £ 15.2 8 34.9 + 24. 9 46.5 + 31. 10 NS 
90 min 25.0 2 7.1 2 27.3 + 24. 6 27.4 +27.1 8 NS 
120 min 17.5 £3.5 2 19.0: 25 807 2 20.0 £ 1.1 2 NS 

Vol, volume; n, number of volunteers; NS, not statistically significant. 

Values for volumes are expressed as mean + sp. 
maximize stomach emptying. The volume of gastric Results 


contents and pH were measured. These values were 
considered to be baseline values. 

After aspiration of the gastric contents and mea- 
surement of volume and pH, the gastric contents 
were then reinserted into the stomach through the 
nasogastric tube while volunteers were asked to keep 
their eyes closed to avoid possible unpleasant psy- 
chological effects of reinsertion. 

Volunteers were then randomly divided into three 
groups. Group 1 (n = 10) received 240 mL water 
(pH 6.0-6.20), group 2 (n = 10) received 240 mL black 
coffee (pH 4.80-5.00), and group 3 (n = 10) received 
240 mL pulp-free orange juice (pH 3.30-3.50). All 
three liquids were given orally over 5 min. After 
this, gastric contents were aspirated in a similar 
fashion as described, analyzed for volume and pH, 
and reinserted through the nasogastric tube at 30-min 
intervals until the gastric volume was less than 
25 mL. 

The pH of the gastric contents was measured by an 
Ohio PHH-44 pH meter that has an accuracy of 
within 0.01 (with temperature correction) and that 
was calibrated against known solutions of pH 4 and 7 
at the beginning of each study. Statistical analysis 
was performed with an analysis of variance test, and 
P values <0.05 were considered to be statistically 
significant. The data are presented as mean + sp. 


There were no significant differences between the 
groups with respect to age, sex, weight, height, and 
fasting times (Table 1). We were able to obtain gastric 
fluid from all of the volunteers after overnight fast- 
ing. The baseline gastric volumes—33.3 + 26.3 mL in 
group 1 (water), 26.5 + 17.7 mL in group 2 (coffee), 
and 23.0 + 11.6 mL in group 3 (orange juice}—were 
not significantly different (Table 2). The baseline pH 
was 2.45 + 1.7 in group 1, 2.07 + 1.0 in group 2, and 
2.13 + 1.2 in group 3 (Table 3), also not statistically 
significantly different. Twenty-three of 30 (77%) 
volunteers had baseline gastric pH levels <2.5; 13 
(43%) of the volunteers had baseline gastric volume 
>25 mL. Nine (30%) of the volunteers had both 
gastric volumes >25 mL and pH levels <2.5. After 
oral fluid intake, gastric volume increased in all three 
groups with a slight decrease in pH (Tables 2 and 3), 
but all volunteers had gastric volume <25 mL within 
2 h (Figure 1). 


Discussion 


One of the most significant complications associated 
with the induction of anesthesia is pulmonary aspi- 
ration of vomited or regurgitated stomach contents. 
The risk of aspiration and the severity of lung damage 
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Table 3. Gastric pH 
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Group 1 Group 2 Group 3 
(water) a (coffee) (orange juice) Side 
Time pH n pH n pH n significance 

Baseline value 2.45 £ 1.7 10 2.07 1.0 10 2.13 + 1.2 10 NS 
30 min 2.05 + 1.5 10 1.87 + 0.9 10 2.49 + 0.8 10 NS 
60 min 1.58 + 0.2 8 2.03 + 1.7 9 1.69 + 0.6 10 NS 
90 min 1.45 + 0.2 2 1.34 + 0.1 6 1.51 + 0.4 8 NS 
120 min 1.31 + 0.2 2 1.25 + 0.2 2 1.54 + 0.5 2 NS 


n, number of volunteers; NS, not significant, 
Values for pH are expressed as mean + sp. 
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Figure 1. Number of volunteers with gastric volume <25 mL. 


are considered to be enhanced when the pH of the 
aspirate is <2.5 and the volume is >25 mL (3,4). 
Anesthesiologists usually advise patients to refrain 
from oral intake for at least 8 h before induction of 
anesthesia to prevent this complication. With the 
recent increase in day surgery and same-day admis- 
sions for nonambulatory procedures, a large number 
of patients come to the hospital without having seen 
an anesthesiologist, and some of them have not 
complied with the 8-h fasting order. This presents the 
anesthesiologist with a dilemma as to whether to 
postpone the case to another day, thus causing 
inconvenience to the patient, surgeon, and the oper- 
ating room staff, or to proceed with surgery with the 
possibility of aspiration. 

Our study was designed to determine the fasting 
time necessary for safe induction of anesthesia in 
patients who may not have complied with fasting 
instructions and consumed water, coffee, or orange 
juice shortly before surgery. We used an 18F Salem 
Sump nasogastric tube for aspiration of gastric con- 
tents. This is a valid and well-accepted method for 
assessment of gastric volumes (5). By reinserting the 
gastric contents into the stomach, we were able to 
estimate accurately the volume at subsequent 30-min 
intervals. To avoid possible psychological effects, we 





asked the volunteers to keep their eyes closed during 
reinsertion of gastric fluid. Also, we allowed volun- 
teers to move about freely, watch television, listen to 
music, or lie down and relax in an easy chair to make 
them feel comfortable and to mimic preoperative 
ambulatory surgical conditions. 

Our study confirmed the results of previous stud- 
ies (6-8) that even after 11-13 h of fasting, a large 
number of patients had gastric pH <2.5 and gastric 
volume >25 mL. Recent studies in children have 
shown that preoperative oral liquid intake reduces 
morbidity significantly without significant changes in 
gastric volume and pH (9,10), and in adults a break- 
fast of tea and toast 2-3 h before surgery has been 
shown to be associated with gastric volumes and pH 
levels similar to those observed in patients that fasted 
for 13 h (11). 

In all 30 of our volunteers, we found that a 2-h 
period was all that was necessary for the volume of 
stomach content to return to <25 mL after ingestion 
of moderate amounts of clear liquids. The study was 
not designed to include coffee with milk because milk 
curdles in the stomach and may act in a manner 
similar to that of solids. 

On the basis of the present data it would seem 
appropriate that in cases in which patients have 
ingested moderate amounts of clear fluids, it is safe to 
conduct general anesthesia after 2 h in otherwise 
healthy surgical patients. This will allow greater 
flexibility in the management of ambulatory patients. 
We caution that patients who are at higher risk 
for aspiration such as diabetics, pregnant women, 
and obese patients should wait the customary 8 h 
before induction of anesthesia as commonly recom- 
mended. 

In making the above recommendations, the au- 
thors recognize that the present study has certain 
limitations. Further studies will be necessary, for 
example, to determine whether coffee with milk or 
water and oral medications will be as safe. We have 
used the word “clear” to exclude liquids with sus- 
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pensions (such as juice with pulp) or those that may 
form solids in the stomach such as milk. This was 
done mainly because fasting guidelines are available 
for solids but not for clear liquids. In our study 
we also assumed that sclid particles may have inter- 
fered with our ability to empty the stomach com- 
pletely. We appreciate that volunteers do not mimic 
the patient population precisely, but we believe that 
they are similar to a large proportion of ambulatory 
patients. The study specifically called for aspiration 
of stomach contents at half-hour intervals because 
the question we wanted to answer was not if it is 
safe to anesthetize patients after a given time, but 
rather when is it safe to anesthetize patients after they 
have ingested a moderate amount of clear liquids. 
Because there was a substantial decrease in the gas- 
tric volume after the first aspirate at 30 min, we do 
not believe that aspiration and reinsertion of gastric 
contents by themselves stimulated gastric emptying. 
We believe that the specific question “When is it 
safe?” could only be answered with the method used. 
With this study we feel comfortable that this question 
has been satisfactorily answered and that waiting 
beyond 2 h after ingestion of moderate amounts of 
clear liquids is not necessary for safe anesthetic 
induction. 
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Cimetidine blunts the increase in cerebral blood flow (CBF) 
normally observed during hypoxia. It is important, there- 
fore, to know whether other H,-blockers also affect the 
cerebral circulation adaptation to hypoxia. Cerebral blood 
flow was measured in 24 awake dogs after an intravenous 
injection of either saline (control) or one of three Hy 
blockers: 1 mg/kg ranitidine, 0.4 mg/kg famotidine, or 
1 mgikg roxatidine. These doses are equipotent blockers of 
H,-gastric receptors. Each dog was studied during nor- 
moxia and after 2 and 4 h of normocapnic hypoxia (FiO, 
0.10; Ficos, 0.035). During each set of experimental 
conditions, a bolus of either saline or one of the anti-H; 
drugs was administered, and, 15 min later, radiolabeled 
microspheres (ruthenium 103, scandium 46, and cerium 


141) were injected into the left atrium for measurement of 
regional CBF. After death by an overdose of thiopental, each 
dog's brain was excised and fixed in 10% formaldehyde, it 
was then weighed and dissected by region, with the radio- 
activity measured in each region using a gamma counter. 
During hypoxia, Pao, ranged from 45 to 50 mm Hg, and 
pH, Paco;, and hematocrit were within the normal limits. 
In the control group CBF increased 34% above normoxic 
baseline levels after 2 h and 31% after 4 h of hypoxia. 
Ranitidine (1 mg/kg) did not prevent the increase in CBF 
during hypoxia, but famotidine and roxatidine prevented tt. 
When the dose of ranitidine was doubled (2 mg/kg), it too 
abolished the increase of CBF induced by hypoxia, In 
conclusion, H,-receptor blockers could interfere with the 
adaptation of CBF during hypoxia. 


Key Words: BRAIN, sLoop FLow-——-H,-receptor 
blockers. HISTAMINE, H -RECEPTOR BLOCKERS-— 
ranitidine, famotidine, roxatidine. 








H,-blockers are frequently used in gastroenterology, 
intensive care, and anesthesiology. In anesthesiol- 
ogy, they are used to limit the deleterious effect of 
gastric content aspiration. Their use for this purpose 
means that their pharmacologic effects would be 
present should the patient become hypoxic. The 
distribution of peripheral blood flow is significantly 
altered by hypoxia. For instance, cerebral blood flow 
(CBF) increases when the partial pressure of oxygen 
in arterial blood decreases below 60 mm Hg (1) as a 
compensatory mechanism to maintain oxygenation of 
the brain. Alteration of activity of type 2 histamine 
receptors (H,) in the brain may affect CBF responses 
to hypoxia. For example, H,-receptors on blood ves- 
sels have been identified in the brains of animals (2), 
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and mastocytes containing histamine exist in the vicin- 
ity of the cerebral vessels (3). In addition, pharmacolog- 
ically active doses of histamine increase CBF by acting 
on H,-receptors (4). Moreover, a recent work in vitro 
demonstrates the attenuation by cimetidine of the re- 
laxation induced by histamine of cerebral artery strips 
partially contracted with prostaglandin F>, (5). 

In a previous study, Clozel et al. showed that 
cimetidine almost completely inhibits the increase in 
CBF associated with hypoxia in the awake dog (6). 
The aim of the present work was to examine, using 
the same model as that used by Clozel et al., the effect 
on the CBF response to hypoxia of three other Hz- 
inhibitors administered in therapeutic doses: namely, 
ranitidine, famotidine, and roxatidine. 


Methods 

Twenty-four beagle dogs weighing 13.5 + 0.6 kg 
(mean + SEM) were divided into four groups of six 
dogs each: control dogs, and those given ranitidine, 


ANTI-H, DRUGS AND CBF IN HYPOXIA 


famotidine, or roxatidine. Fifteen days before each 
experiment, the dogs were anesthetized with intra- 
venous thiopental (25 mg/kg) and curarized with 
vecuronium (0.1 mg/kg) for insertion of polyvinyl 
catheters, one in the external jugular vein for injec- 
tion of the drugs to be tested, one in the abdominal 
aorta via the femoral artery attached to a syringe for 
reference flow and arterial blood sampling, and one 
in the left atrium after thoracotomy in the fifth left 
intercostal space. Temporary thoracic drainage was 
carried out immediately after the intervention and left 
in place for 12 h. The loose ends of the three catheters 
were tunneled under the skin and brought out be- 
hind the nape of the neck where the catheters were 
protected by a dressing and a collar. Local and 
general antibiotics were then given for several days. 
The experiments were performed according to stan- 
dards for laboratory animal care. 

On the day of the experiment, when rectal tem- 
peratures were about 38°C, the dogs were studied 
while awake and breathing spontaneously. The first 
series of measurements were performed during nor- 
moxia (atmospheric air). The drug to be tested was 
randomly injected into the jugular vein, i.e., either 
1 mg/kg ranitidine, 0.4 mg/kg famotidine, or 1 mg/kg 
roxatidine; these doses are equipotent in their effects 
on the H,-gastric receptors (7-9). After these experi- 
ments, a double dose (2 mg/kg) of ranitidine was used 
in three additional animals with the same protocol. The 
control dogs received saline (1 mL IV). Aortic pressure 
was measured with an external transducer placed at the 
level of the animal’s heart, recorded, and averaged 
(Gould). Blood samples were taken from the arterial 
catheter to measure pH, Pao, Paco, (Radiometer, ABL 
30), hemoglobin concentration, and oxygen saturation 
(Sao,) (Radiometer OSM2). Fifteen minutes after the 
injection of one randomized drug, microspheres were 
injected for the measurement of CBF (see below). The 
volume of blood taken for measurement was replaced 
by saline (10). 

The dog was then placed in a 45-m* room contain- 
ing a gas mixture of 10% oxygen, 3.5% CO,, and 
86.5% nitrogen. The addition of 3.5% CO, prevented 
the development of hypocapnia associated with hy- 
perventilation, which otherwise would decrease CBF. 
Room temperature was maintained at 21°C and hu- 
midity at 50% by air-conditioning. The second and 
third series of measurements were performed after 2 
and 4 h of normocapnic hypoxia. 


Radiolabeled Microspheres Technique 


This technique used microspheres of styrene divinyl 
copolymer, 15 um in diameter (New England Nu- 
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clear), labeled by the radionuclides cerium 141, ruthe- 
nium 103, and scandium 46 (11). Before each injec- 
tion, after mechanical agitation (Vortex), the 
microspheres were separated by sonication (Bran- 
sonic 32) for 30 min. Finally, a further mechanical 
agitation (Vortex) was carried out immediately before 
injection of 1 mL homogeneous suspension in 10% 
dextran and 0.01% Tween 80 into the left atrial 
catheter (1-2 million microspheres). To assure com- 
plete injection of the microspheres, the syringe and 
the catheter were flushed with 10 mL saline. The 
order of the injection of isotopes was randomly 
chosen before each experiment. A reference blood 
sample was taken from the aorta at a constant flow of 
4.4 mL/min over 2 min, before, during, and after the 
injection of microspheres. 

At the end of the experiment, the animal was 
killed with a lethal dose of thiopental. The brain was 
immediately removed and fixed in 10% formaldehyde 
solution. After 2 days, it was dissected according to a 
rigorous scheme allowing 38 samples to be obtained. 
These were counted in a gamma counter (Packard 
Autogamma 800 C) with three windows adjusted for 
the characteristic energy peaks of the three isotopes. 
The arterial reference samples were similarly 
counted. The counts per minute recorded with each 
window were corrected for overlap with the other 
two isotopes by a computer program. The absolute 
regional blood flows were expressed per 100 g of 
tissue. The cerebral oxygen supply was computed as 
the product of the arterial O, content per milliliter 
and the total CBF. The arterial O, content (Cao,: mL 
O,/mL blood) was computed according to the follow- 
ing formula: [Hb] g-mL™' x 1.37 x Sao,%. The 
results were expressed as mean value + standard 
error of the mean {SEM). The changes from normoxia 
to hypoxia were expressed as the average value of the 
percent variation of each variable. 

The statistical analysis used two-factor two-tailed 
variance analysis. The differences were tested by 
using Student's t-test. Differences were considered as 
statistically significant when the P value was <0.05. 


Results 


At each time period, Paco, and pH values did not 
differ significantly between experimental groups (Ta- 
ble 1). During hypoxia, Paco, was comparable to its 
value during normoxia (29-34 mm Hg) despite hyper- 
ventilation, owing to the inhaled CO,. Hypoxia was . 
moderate (Pao, about 50 mm Hg), with decreases in 
arterial saturation and Cao, of about 20% in all four 


groups. 
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Table 1. Arterial Blood Gas Tensions and Acid-Base Values 
Air Hypoxia 2 h Hypoxia 4 h 
pH 
Control 7,430 + 0.007 7.406 + 0.008 7.403 + 0.008 
Ranitidine" 7.382 + 0.010 7.350 + 0.006 7.348 + 0.007 
Famotidine” 7.412 + 0.010 7.420 + 0.006 7.417 + 0.006 
Roxatidine® 7.434 + 0.009 7.439 + 0.007 7.440 + 0.008 
Paco, (mm Hg) 
Control 30.9 + 1.2 32.5 + 0.9 32.4 + 1.0 
Ranitidine 30.6 + 0.5 34.5 + 1.0 34.5 + 1.2 
Famotidine 29.7 + 1.6 29.6 + 1.0 29.6 + 0.8 
Roxatidine 35.9 + 0.7 33.8 + 0.5 33.2 + 0.5 
Pao, (mm Hg) 
Control 82.0 + 5.2 44.6 + 1.6 44.9 + 1.6 
Ranitidine 81.6 + 2.5 50.0 + 2.0 49.6 + 1.2 
Famotidine 86.1 + 1.2 46.9 + 0.7 45.0 + 1.0 
Roxatidine 87.6 + 1.5 47.3 + 0.4 48.7 + 0.2 
Sao, (%) 
Control 95.0 + 0.8 76.4 + 0.9 75.7 + 1.3 
Ranitidine 94.8 + 0.7 76.0 + 2.2 74.7 + 1.8 
Famotidine 96.1 + 0.4 80.3 + 0.5 77.5 + 0.9 
Roxatidine 95.8 + 0.8 79.9 + 1.1 80.2 + 0.7 
Cao, (mL/100 mL) 
Control 15.7 + 1.0 12.9 + 1.1 12.6 + 1.1 
Ranitidine 15.6 £ 1.5 13.34 1.1 12.8 + 1.0 
Famotidine 17.2 + 0.9 14.4 + 0.9 13.8 + 0.9 
Roxatidine 18.7 + 1.2 16.0 + 0.9 15.9 + 1.0 
Values are sed as mean + SEM; n = 6. 


The values of Pao , Sao, and Cao, differed statistically (P < 0.001) during hypoxia from the values in air. 


“Dose of ranitidine was 1 mg/kg. 
*Dose of famotidine was 0.4 mg/kg. 
“Dose of roxatidine was 1 mg/kg. 


Table 2. Hemodynamic Data 
Hypoxia Hypoxia 


Air 2h 4h 

Heart rate (beats/min) 

Control 116 + 6 122+7 128 +9 

Ranitidine 110 + 8 115 + 10 114 + 11 

Famotidine 103 + 6 19+" -1158 

Roxatidine 111245 130 + 12 123 + 12 
MAP (mm Hg) 

Control 124 + 3 135 + 4¢ 138 + 4° 

Ranitidine 118 +7 131+ 7 128 + 9 

Famotidine 117 +6 123 x 4° 125 + 3° 

Roxatidine 120 + 2 132 + 2° 128 + 3° 


MAP, mean arterial pressure. 

All values are expressed as mean + SEM; n = 6. 

All doses as in Table 1. 

“P < 0.05 versus values for air in the same group. 

bP < 0.01 versus values for air in the same group. 

€P < 0.05 versus control values during the same period. 


The hemodynamic variables are shown in Table 2. 
Heart rate was relatively stable in all groups except 
the famotidine group. In the control, ranitidine, and 
roxatidine groups, hypoxia was accompanied by a 
slight increase in mean arterial pressure. 

The results of CBF measurements are given as 


absolute values in Table 3 and as percent of control air 
values in Figure 1. In the control group, hypoxia was 
associated with 34% and 31% increases in CBF after 
the second and fourth hours of hypoxia (Figure 1). 
The increase in CBF was observed in all regions of the 
brain, varying from 26% to 69% of the value during 
normoxia. The maximum increase in CBF was ob- 
served in the brainstem (medulla oblongata, pons, 
and cerebral peduncles) and the hypothalamus: in 
these four areas, the increase in CBF varied from 37% 
to 69% at the second hour and 48% to 68% at the 
fourth hour. In contrast, the cortical regions showed 
a smaller range of changes in blood flow, 26%-36%. 
These changes in CBF allowed the oxygen supply to 
the brain to remain constant: the decrease in Cao, 
was compensated for by the increase in blood flow 
(Figure 1). 

Famo-idine blocked the adaptation of the cerebral 
circulation to hypoxia. This blockade occurred in all 
areas of the brain; the partial preservation of CBF in 
the brainstem (+15% after 2 h and +19% after 4 h) 
was not statistically significant. The result of these 
changes was a 17% decrease in oxygen transport 
during both periods of hypoxia, significantly less 
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Table 3. Regional Cerebral Blood Flows (mL-min™'-100 g~') During Air Breathing and During 2 and 4 h Hypoxia Alone 
(Control) and With Ranitidine, Famotidine, or Roxatidine 








Air Hypoxia 2 h Hypoxia 4 h 
Medulla oblongata 
Control 5345 7O+5 78 +6 
Ranitidine 4944 7047 6647 
Famotidine 6147 63 + 10 69 +7 
Roxatidine 6645 69 +6 73 +5 
Pons 
Control 60 +6 8444 91+9 
Ranitidine 50+3 71 +6 67 + 6 
Famotidine 66 +7 69 + 10 +47 
Roxatidine 68 +6 7345 7642 
Cerebral peduncles 
Control 93 +1 130 + 6 140 + 14 
Ranitidine 90 +9 131 + 14 121 + 13 
Famotidine 102 + 12 113 + 21 120 + 16 
Roxatidine 95 +7 98 + 8 97 +5 
Frontal and olfactory lobes 
Control 100 + 9 135 +9 126 + 12 
Ranitidine 8449 115+ 12 104 + 8 
Famotidine 101 +9 101 + 16 102 + 10 
Roxatidine 105 + 6 103 + 6 7TO+5 
Temporal lobe 
Control 8+ 8 106 + 8 106 +9 
Ranitidine 76 +6 105 + 10 93 +6 
Famotidine 94 + 10 90 + 10 94+ 10 
Roxatidine 86 +6 87 +5 79+5 
Corpus callosum 
Control 40 +2 5445 5443 
Ranitidine 45 +4 64+5 5443 
Famotidine 56 + 3 5825 58 +5 
Roxatidine 58 + 3 5325 5544 
Hippocampus 
Control 75 £6 103 + 4 101 + 10 
Ranitidine 62 +6 86 +9 78 +6 
Famotidine 81+5 8129 8145 
Roxatidine 8 +5 8345 79 +5 
Hypothalamus 
Control 78 + 18 113 +9 119 + 19 
Ranitidine 8Blt8 119 +9 107 + 12 
Famotidine 92 + 11 86 + 12 94+ 8 
Roxatidine 103 + 10 106 +9 112 + 10 
Thalamus 
Control 123 + 13 160 + 10 166 + 10 
Ranitidine 87 +9 124 + 17 113 + 10 
Famotidine 108 + 10 113 + 19 113 + 17 
Roxatidine 111 + 6 110 +5 109 + 10 
Parietal lobe 
Control 102 + 16 123 + 6 128 + 12 
Ranitidine 102 +5 136 + 10 125 + 8 
Famotidine 124 + 10 121 + 14 120 +7 
Roxatidine 113 + 6 1117 103 +5 
Occipital lobe 
Control 108 + 13 138 + 15 137 + 16 
Ranitidine 108 + 9 155 + 13 132 + 9 
Famotidine 120 + 12 127 + 18 1235 +9 
Roxatidine 119 +7 113 +9 103 + 8 
Cerebellum 
Control 77 £8 101 +9 105 + 10 
Ranitidine 87 + 8 104 + 13 110 + 11 
Famotidine 107 +1 104 = 11 108 + 9 
Roxatidine 99 +6 105 = 8 106 +7 
Total brain 
Control 89 +9 115 = 8 115+ 8 
Ranitidine 83+6 115 = 10 103 + 7 
Famotidine 100 + 8 9=13 100 + 7 
Roxatidine 98 + 4 98 +5 9245 





Values are expressed as mean + SEM; n = 6. Doses as in Table 1. 
In control and ranitidine groups, all values during hypoxia differed statistically (P < 0.05 or less) from the values in air. The differences were not significant 
in famotidine and roxatidine groups. 
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Figure 1. Changes in total cerebral blood flow (ACBF %) after 2 
and 4 h normocarbic hypoxia (Fto, 0.10). Intravenous ranitidine 
(1 mg/kg) did not modify the changes, although intravenous 
roxatidine (1 mg/kg) and famotidine (0.4 mg/kg) blunted the 
increase in CBF. Oxygen supply to the brain (Cao, mL O./mL 
blood x total CBF) decreased during hy poxia when roxatidine and 
famotidine were given. *P < 0.05; *P < 0.01; *"P < 0.001 versus 
control; NS, not significant, 


than the change seen in the control group (Figure 1). 
Roxatidine equally blunted the increase of CBF in 
hypoxia in all the regions of the brain, and oxygen 
supply to the brain was decreased (Figure 1 and Table 
3). 

There was no difference in CBF between the rani- 
tidine group and the control group. It is clear that 
ranitidine at 1 mg/kg did not prevent the modification 
of CBF during hypoxia because after 2 h there was a 
flow increase of 37%, and 26% after 4 h. These values 
do not differ statistically either among themselves or 
in relation to control group values. Studied by area, 
the increase in CBF was similar to that of the control 
group. Oxygen supply to the brain was maintained at 
a normal level during the two periods of hypoxia. 
However, the double-dose of ranitidine (2 mg/kg) 
completely blocked the increase in CBF during hy- 
poxia in three additional dogs. Total a while 
breathing air was 70 + 4mL-min”!-100 g`}, and after 
2 and 4 h of hypoxia 76 + 4 and 72 + 6 mL: ‘min 
100 g`}, respectively. 


Discussion 


The aim of this study was the evaluation of the effects 
on hypoxia-induced changes in CBF produced by 
ranitidine, famotidine, and roxatidine, all potent in- 
hibitors of H,-receptors. 

In a previous study (6) we have shown that cimet- 
idine blocks the increase in CBF normally observed 
during moderate hypoxia. In the present work, the 
same level of hypoxia (Fro, 0.10) was maintained for 
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4 h because a more profound hypoxia would have 
induced major hemodynamic alterations that could 
considerably influence CBF (12). To avoid the hemo- 
dynamic modifications due to anesthesia the animals 
were fully awake when studied. 

Famotidine and roxatidine inhibited the hypoxia- 
induced increase in CBF, whereas the equipotent 
dose of ranitidine (1 mg/kg) did not affect this reac- 
tion. A double-dose (2 mg/kg) of ranitidine, tested in 
three dogs under the same conditions, demonstrated 
complete suppression of an increase in CBF during 
hypoxia. 

As cerebral autoregulation is not maintained dur- 
ing hypoxia (13,14), these findings could have been 
the result of a decrease in blood pressure. In humans, 
intravenously injected cimetidine causes a transient 
decrease in mean arterial pressure due to a peripheral 

vasodilation, together with preservation of the car- 
diac output (15-17). Ranitidine has no such effects. 
Famotidine seems equally devoid of hypotensive 
action (16). These varying effects on systemic hemo- 
dynamics cannot account for the changes in CBF 
observed in our experiments because mean arterial 
pressure increases during hypoxia. 

The effect of the H,-blockers used in the present 
study on the H,-receptors present in cerebral vessels 
and in the central nervous system could explain our 
observations. All H,-blockers studied cross the blood- 
brain barrier (18-21), and three of them have similar 
cerebrospinal fluid/plasma ratios of concentration 
(18-20). Thus, brain penetration cannot account for 
the observed differences. 

The possibility of a metabolic explanation can be 
invoked. Cimetidine is a powerful inhibitor of cy- 
tochrome Paso, the key enzyme in mitochondrial 
respiration (22). Cimetidine inhibits the cerebral mito- 
chondrial respiration in rats (23). Ranitidine has a 
similar oe eal with cytochrome Paso, but its 
affinity is 10 times less (24); this difference is due to 
the presence of a furane ring in place of the imidazole 
ring of cimetidine. The latter is also absent in the 
structure of famotidine, where it is replaced by a 
thiazole ring. On the contrary, famotidine and roxa- 
tidine do not block cytochrome P4so (25,26). Conse- 
quently, inhibition of cytochrome P4sọ cannot be 
given as an explanation because ranitidine, famoti- 
dine, and roxatidine would have the same effect. 
Nevertheless, the lack of effect of 1 mg/kg ranitidine 
is possibly linked to an insufficient dosage. The 
choice of the dose was made with regard to data in 
the literature on doses blocking gastric H.-receptors. 
It is possible that cerebral H -receptors could have 
different sensitivities to H)-blockers. For ranitidine 
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the dosage had to be doubled to achieve the same 
effect. 

The absence of an increase in CBF during hypoxia 
seen with blockade of H,-receptors in cerebral vessels 
suggests that histamine acts as a vasoactive transmit- 
ter in hypoxia. A large number of mastocytes exist in 
the vicinity of the cerebral vessels (3), and the dis- 
charge of their histamine content is dependent on the 
H,-receptors (27). 

In conclusion, this study establishes differences in 
the actions of H,-blockers on CBF during moderate 
hypoxia. When doses that are equipotent for gastric 
H,-receptors were used, ranitidine allowed the in- 
crease in CBF induced by hypoxia to occur, whereas 
famotidine and roxatidine blocked it. When the dose 
of ranitidine was doubled, it also blocked the increase 
in CBF induced by hypoxia. These results should be 
kept in mind when prescribing anti-H, drugs in 
critically ill patients and in emergency anesthesia. 


We are grateful to Francine Schrijen, Dominique Baptiste, Berna- 
dette Clement, Ginette Hauquiert, and Marie-Claude Rohrer for 
their valuable help. 
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In the early 1950s, Drs. James Elam and Elwyn Brown 
were recruited to establish the department of anesthesiology 
at the Roswell Park Memorial Institute. With substantial 
financial support from both the New York State coffers and 
the Institute's director, Dr. George Moore, Elam and 
Brown were able to create a department of anesthesiology 





The emergence of a discrete medical specialty— 
academic anesthesiology—and the arrival of the 
Roswell Park Memorial Institute of Buffalo, New 
York, as one of the foremost cancer research centers 
occurred simultaneously. What had begun as a small 
state-supported hospital for the clinical study of can- 
cer had, by the early 1950s, expanded to a world 
leader in both scientific research and clinical treat- 
ment of cancer. Triggered by an abundance of state 
funds and the drive and imagination of the Roswell 
Park Memorial Institute’s youngest director, Dr. 
George Moore (Figure 1), the Institute grew exponen- 
tially. The creation of the first department of anesthe- 
siology remains reflective of the monumental 
changes occurring in Buffalo’s “Cancer Hospital.” 
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renowned for clinical excellence and basic science research. 
Their work on carbon dioxide elimination led to a redesign- 
ing of the soda lime canisters that is still in clinical use. By 
popularizing mouth-to-mouth rescue breathing, these two 
anesthesiologists changed the manner in which emergency 
aid was given and won international acclaim. 


Key Words: HISTORY, ELAM, BROWN, AND ROSWELL 
PARK MEMORIAL INSTITUTE. CARBON DIOXIDE, 
ABSORPTION—history. VENTILATION, ARTIFICIAL— 


history. 


Central to the development of the Roswell Park 
Memorial Institute and the establishment of its anes- 
thesiology department were Drs. James O. Elam and 
Elwyn S. Brown (Figures 2 and 3). Leaving the Barnes 
Hospital in St. Louis, Missouri, in 1953, they ven- 
tured forth to Buffalo, eager to create a department of 
anesthesiology. Under the administration of the new 
director of the Institute, Dr. Moore, they were 
charged with the task of establishing excellence in 
clinical practice and of creating an atmosphere con- 
ducive to basic research. The successes of Elam and 
Brown ultimately surpassed anyone’s expectations, 
winning both international acclaim and financial re- 
sources for the Institute through the patenting of 
their work. 

Soon after their arrival in Buffalo, Elam and Brown 
set about the development of a physician-directed 
clinical department in anesthesiology where none 
had previously existed. Simultaneously, they contin- 
ued the research in respiratory physiology they had 
begun at Barnes Hospital. A vigorous campaign to 
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Figure 1. George Moore, MD (photograph courtesy of the Roswell 
Park Memorial Institute). 





Figure 2. James O. Elam, Mb (photograph courtesy of the Roswell 
Park Memorial Institute). 


recruit anesthesiologists to fill the allocated staff po- 
sitions was immediately launched. Elam and Brown 
also developed a school of nurse anesthesia to ensure 
that the number of clinical support staff would be 
adequate so that their research might continue with- 
out pause. 

Research remained paramount, and soon after 
their arrival, they published the first in a series of 
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Figure 3. Elwyn S. Frown, MD (photograph courtesy of the Uni- 
versity of lowa). 


classic articles on “rescue breathing.” This work led 
to other areas of investigation, such as carbon dioxide 
absorption, artificial ventilation, and the circle system 
for anesthetic gas delivery. Their work was recog- 
nized nationally and internationally, yet within the 
Buffalo academic community they remained little 
known. Seeking greater educational opportunities, 
Elam and Brown left Buffalo after 12 years for new 
opportunities with greater academic exposure. 
Shortly after leaving western New York, they sepa- 
rated, each seeking new challenges in different cities. 

The impact of the work of Elam and Brown at the 
Roswell Park Memorial Institute in one sense was 
easy to measure. Every anesthesia machine over the 
last 30 years has used a carbon dioxide absorbance 
system essentially designed by these two physicians. 
Elam and Brown clearly demonstrated the superiority 
of mouth-to-mouth resuscitation, and, later, mouth- 
to-mask resuscitation, over the conventional method 
of posterior chest compression. Their concepts ulti- 
mately transformed the international standards for 
cardiopulmonary resuscitation. However, much of 
the background behind this work remains unknown. 


A Brief History of the Roswell Park 
Memorial Institute 


In 1898 the New York State Pathologic Laboratory 
was established largely through the efforts of the 


politically prominent editor of the Buffalo Evening 
News, Edward H. Butler, Sr., and the internationally 
famous surgeon, Dr. Roswell Park. When Governor 
Frank S. Black refused their grant application in 1897, 
Butler and Park intensified their lobbying efforts to 
obtain, in 1898, $7500.00 from the state coffers. New 
York thus became the first state to subsidize cancer 
research (1). 

During the Laboratory’s first half-century, its mis- 
sion was largely clinical, with an emphasis on the 
diagnosis and treatment of cancer, as well as on 
recording the natural history of the disease (2). Dr. 
Roswell Park was the Institute’s first director, a 
position he retained for only 6 years. It is very 
important, however, that he remained on the Board 
of Governors until his death in 1914, to ensure 
fuliillment of the Laboratory’s mission (3). 

In 1946, 32 years after Park’s death, the New York 
State Legislature renamed the Institute in his honor 
(4). With that change effected, others were contem- 
plated. Dr. Louis Kress, the Institute’s director in the 
early postwar period, constantly reminded Albany 
policy-makers of the deplorable conditions that had 
developed at the nation’s oldest cancer hospital. 
Salaries were low, making it difficult to attract quali- 
fied personnel. Financial resources for books, sup- 
plies, and construction materials were delayed. Even- 
tually, research slowed to a halt because of 
insufficient laboratory space for scientific work (5). 

By 1949, Albany legislators, particularly Edwin 
Jaekel, Buffalo’s powerful New York State Senate 
majority leader (6), had been persuaded by Kress’ 
reports to initiate a major policy shift toward the 
Institute’s improvement. The plans Jaekel and Kress 
developed were grand: a downtown Buffalo city 
block bounded by Oak, Carlton, Elm, and High 
Streets would house the new Roswell Park Memorial 
Institute. And, within those proposed bounds, “the 
most modern and one of the best equipped” cancer 
research hospitals would be built (7). 

Actualization of the project began in 1951. Ground 

` was broken on October 27 of that year and construc- 
tion followed in March 1952 (8). Unfortunately, Kress 
died shortly thereafter, long before the new Institute 
was completed; fortunately, New York State’s Com- 
missioner of Health, Herman Hilliboe, had the fore- 
sight to understand that the new director must be a 
dynamic driving force if the Institute were to fulfill its 
mission. In November 1952 he appointed a young 
associate professor of surgery from the University of 
Minnesota, George Moore. At 32 years of age Moore 
was both the youngest Institute director and a vision- 
ary capable of bringing the Roswell Park Memorial 
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Figure 4. Number of staff positions (professional and nonprofes- 
sional) at the Roswell Park Memorial Institute. 


Institute international acclaim in clinical and basic 
science research (9). 

Moore's plan was marked by its simplicity: attract 
bright, young physicians interested in research and 
scientific publication and assure them of one univer- 
sally scarce item: RESEARCH SPACE. Moore’s non- 
profit corporation, Health Research, Inc., was created 
to perform the necessary service of maintaining an 
adequate cash flow for research funds (10). 

Moore’s impact on the clinical efforts of the Insti- 
tute was manifested almost immediately. Staff posi- 
tions greaily increased (Figure 4) during the year after 
his appointment. Filling chief of clinical service posi- 
tions was his most notable accomplishment. The 
number of major surgical procedures would more 
than double while minor operations increased 20% 
within the first year of his appointment (11)! 

Passibly of greater significance, scientific articles 
published by Institute personnel grew exponentially 
in number under Moore’s guidance. His ability to 
attract productive, research-oriented staff is best re- 
flected by the fact that the quantity of publications 
doubled in his first year at Roswell. By 1954, the 
number of papers published by Institute personnel in 
scientific journals rose to six times the level before 
Moore's arrival (12) (Figure 5). 

On October 14, 1954, 3 years after ground break- 
ing, a new 7-million-dollar addition to the Institute 
was dedicated, and Albany’s dream of a comprehen- 


sive cancer center slowly developed into reality. 
` Desirous of participating in such promising ventures, 


the University of Buffalo established a Roswell Park 
Division of its graduate school, with approval for 
initiation of masters’ and doctoral degree programs 
the following year (13). The association marked a 
joining of private and state educational interests and 
acknowledged the “coming of age” of the Roswell 
Park Memorial Institute. 
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Figure 5. Number of publications at the Roswell Park Memorial 
Institute, 1949-54. 


Formation of the Anesthesiology 
Department 


The Roswell Park Memorial Institute Department of 
Anesthesiology was nonexistent before Moore’s re- 
cruitment of James Elam in 1953 (14). At Barnes 
Hospital and Washington University where they had 
been previously affiliated, anesthesiology was a sec- 
tion of the department of surgery. Elam did not agree 
with the endeavor by the University’s new chairman 
of surgery to reassign the anesthesiologists’ research 
efforts from practical patient care to animal studies 
(15). Elam feared that his annual Army contract of 
$35,000 a year to study artificial respiration was in 
jeopardy and quickly accepted Moore’s offer (16). 

The invitation to Elam obviously involved structur- 
ing an academic anesthesiology department. In addi- 
tion to a title, Moore proffered more than 60,000 sq ft 
in the main hospital building. Elam was given com- 
plete control over the operating room schedule along 
with sufficient salaries for himself and his staff, to 
which was appended a “generous personnel allow- 
ance” to aid in research efforts (17). 

With the Institute undergoing a metamorphosis, 
- Elam quickly realized that increasing demands would 
be placed on the fledgling anesthesia department. 
Surgical services and subspecialties were increasing 
in size and scope, and new departments were being 
created (18). To ensure the predominant influence of 
his newly created, physician-directed anesthesiology 
division, Elam astutely recruited two physicians, El- 
wyn Brown and Raymond Ten Pas, from the remain- 
ing disenchanted staff at Barnes Hospital in St. Louis. 
In addition, Elam was able to augment his clinical 
staff by recruiting two local anesthesiologists (19). 

Yet, even with five physicians, the staff of the 
anesthesia service was still inadequate. Elam inher- 
ited two certified registered nurse anesthetists 
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(CRNAs) and quickly hired a third. Due to a national 
shortage, however, Elam failed to recruit additional 
CRNAs for work at the Institute (20). 

To circumvent this problem, Elam created a train- 
ing program in anesthesia for nurses. Criteria for 
entrance were loose; the program solicited ward 
nurses expressing an interest in the field. Utilizing 
the services of his superb supervising CRNA, Miss 
Anne Seniff, as a supervisor, novitiate nurses spent 
weekdays in the operating room learning “hands on” 
anesthesia (21). Saturdays were devoted to seminars 
covering such topics as physiology, pharmacology, 
and anesthetic equipment, which were conducted by 
Elam and the other departmental physicians (22). 
Although the instruction was rigorous, all of the 
nurses in the first class completed their training and, 
by the end of the first year, were employed as nurse 
anesthetists (23). 

Elam’s direct amelioration of his difficulties was 
masterful. The school was now anchored within the 
confines of his department, and he was confident of 
having a steady supply of anesthesia personnel to 
cover the clinical responsibilities. His flanks covered, 
Elam was then free to expand his department’s 
research mission. 


Carbon Dioxide Investigations 


Elam, Brown, and Ten Pas arrived in Buffalo with two 
trailers filled with research equipment from their 
laboratory in St. Louis (24). Their Buffalo colleagues 
were impressed. As one remarked, “None of us had 
ever seen such equipment before, and could not 
imagine it had anything to do with anesthesia” (25). 
Packed somewhere within the trailers was a new 
Liston-Becker model 16 carbon dioxide analyzer, 
which measured carbon dioxide concentrations by 
infrared spectral analysis (26). Simple to use, the 
instrument required calibration with a known con- 
centration of carbon dioxide (27). 

The analyzer was used to evaluate an old anes- 
thetic problem: carbon dioxide elimination from 
closed-circuit systems. Introduced in 1930 by Brian 
Sword, a New Haven, Connecticut, anesthesiologist, 
the closed circuit reduced the amount of fresh anes- 
thetic gas needed to anesthetize a patient properly 
(28), thereby reducing the cost of anesthesia for 
expensive gases like cyclopropane (29). However, 
prolonged use of the closed-circuit system, regardless 
of the agent employed, resulted in hypertension, 
tachycardia, diaphoresis, ventricular fibrillation, and 
even death (30). 

Work on this problem was urgently needed. While 
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several investigators, including Dr. John Adriani (at 
that time an anesthesiologist at Bellevue Hospital), 
had attempted to clarify and resolve the situation in 
the late 1930s and early 1940s, their calculations 
involved tedious and error-prone stoichiometric titra- 
tions (31). A simple system capable of reliably remov- 
ing carbon dioxide was desperately needed. Pioneer 
anesthesiologist and University of Wisconsin chair- 
man Ralph Waters observed in 1947 (32) that 


If modern chemists and engineers can construct a 
warship which can safely and comfortably carry a 
large number of men for days and weeks at or near 
the bottom of the ocean, they should be able to help us 
construct an anesthetic apparatus of small bulk and 
cost which can “keep pure” indefinitely, the atmo- 
sphere respired by a single patient. 


Elam, Brown, and Ten Pas vigorously accepted 
Waters’ challenge. Still supported by their Army 
contract, they produced the first published capno- 
graphic profile of human respiration in the anesthe- 
siology literature by applying the Liston-Becker ana- 
lyzer to a volunteer's expired breath. Although the 
bulk of the research had been completed before their 
departure from St. Louis, publication occurred in four 
parts after their arrival in Buffalo in the journal 
Anesthesiology (33-36). 

Several reasons accounted for the series’ signifi- 
cance. In the first paper, the “alveolar plateau” of 
carbon dioxide in expired breath was delineated. 
Once this reproducible, normal wave form was 
clearly defined, application to altered states of respi- 
ration became possible. Both hyper- and hypoventi- 
lation posed problems for uptake and distribution of 
anesthetic agents. More important, the analyzer also 
detected inspired carbon dioxide concentrations that 
helped identify the source of altered anesthetic up- 
take. The “abnormal” states were often due to equip- 
ment failure, operator failure, incomplete carbon di- 
oxide absorbance by soda lime, incompetence of the 
anesthetic circuit valves, or inadequate lung inflation 
(33). Elam and Brown had discovered a method to 
diagnose insufficient ventilation during general anes- 
thesia. Years later the same principles would be 
applied so that the end-tidal carbon dioxide monitor 
would become the “standard of care” in anesthetic 
practice. 

The second and third papers of the series dealt 
with more esoteric aspects of respiratory physiology. 
Using their new technology, Elam and Brown were 
able to determine a patient’s dead space, anesthetic 
mask dead space, alveolar ventilation, and carbon 
dioxide output on a breath-by-breath basis (34). They 
vividly demonstrated the interaction between venti- 
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lation and carbon dioxide elimination, a problem that 
had plagued anesthesiologists for decades (35). 

Controversy erupted around the final segment in 
the series. In this manuscript, Elam and Brown, with 
aid of the analyzer, demonstrated that the conven- 
tional flow rate of less than 10 L/min of “fresh” gas, in 
semiclosed systems, caused continuous elevations in 
inspired carbon dioxide concentrations, thus refuting 
contemporary conventional wisdom. Their paper 
concluded: “Inflow rates of fifteen LPM [L/min] are 
not sufficient to prevent accumulation of carbon di- 
oxide in all patients, and the commonly used inflow 
rate of ten LPM may result in concentrations above 
four per cent inspired carbon dioxide in spite of 
excessive hyperventilation” (36). 

Elimination of inspired carbon dioxide from semi- 
closed anesthetic breathing circuits was a persistent 
challenge that intrigued Elam and Brown. Realizing 
the futility of simply increasing the fresh gas flows 
from both a practical and monetary perspective, they 
began to experiment with soda lime. Building on the 
work of Adriani (37), they discovered that the inter- 
stitial space within the canister should closely ap- 
proximate tidal volume (38). Absorption of carbon 
dioxide was maximally efficient when the soda lime 
contained 20%~25% water (39). It was discovered that 
channeling, a phenomenon in which expired gas 
flowed directly through the canister, bypassing inter- 
action with the lime, depended on how the granules 
were packed. Finally, the use of baffles to redirect gas 
flow kept channeling to a minimum (40). Longer 
lasting carbon dioxide absorption was, for the first 
time, clinically available through their redesigned 
dual soda lime canisters (41). 

Their soda lime studies, however, were contingent 
on the development of a lung analogue that would 
accurately and reproducibly simulate a respiring hu- 
man. The investigators’ first working ventilator 
model was somewhat impractical. The bulk of their 
apparatus (a motor, variable speed reducer, cam 
shaft, piston, rate control, thermostated heater, pis- 
ton-driven bellows, multiple inspiratory and expira- 
tory valves, tubing for gas infusion, and the canister 
itself with the Liston-Becker analyzer interposed in 
the dead space) made research difficult (42). Despite 
its size, the system functioned as designed for well 
over 5 years, providing data 24 hours a day. Different 
carbon dioxide canister models and breathing circuit 
resistances were tested. The model helped evaluate 
methods for estimation of both anatomic and physi- 
ologic dead space. Elam and Brown realized that the 
equipment could simulate different human respira- 
tory patterns by simply changing cams and rate 
controls. If it were possible to construct a machine 
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that could breathe like a patient, Elam and Brown 
reasoned that it should be possible to construct a 
machine to breathe for a patient. The redesigning of 
the cam arm, and a windshield-wiper motor manu- 
factured by the Buffalo-based Trico Industries, led to 
the successful conversion of their idea into practice. It 
was an amazing invention, for the respirator could 
cycle in a positive-negative, positive-zero, and posi- 
tive pressure manner. Uniquely, the unit functioned 
in either a pressure or volume mode. Using the 
model on their analogue system first, and then on 
humans, the machine provided adequate carbon di- 
oxide homeostasis (43) and was christened the 
Roswell Park Ventilator (44). With some modifica- 
tions this ventilator continues in use as the Air- 
Shields Ventimeter. 


Rescue Breathing 


Of all the contributions James Elam and Elwyn Brown 
gave to the medical community, one series of papers 
provoked repercussions at home and abroad. Disas- 
ter, of course, underlay their achievements. Elam’s 
first encounter with rescue breathing was mouth-to- 
endotracheal respiration for patients during the Min- 
nesota poliomyelitis epidemic of 1946 (45). Brown 
was introduced to the idea by Visiting Professor of 
Anesthesia Trier Morch from the University of Chi- 
cago during his residency in St. Louis in 1950. Unable 
to stimulate respiration in an intubated patient in the 
recovery room, the expert's advice was simple: “blow 
into the tube” (46). 

Applying the Liston-Becker Analyzer and Van 
Slike blood gas analysis to the problem, Elam and 
Brown had demonstrated at Barnes Hospital that 
mouth-to-mask respiration could maintain normal 
gas exchange in patients reparalyzed in the recovery 
room by an infusion of succinylcholine. Although the 
demonstration was initially approved by Dr. Gra- 
ham, the outgoing chairman of surgery at Barnes 
Hospital, condemnation came quickly from his re- 
placement who stoutly insisted that the work con- 
tinue solely on animal models. Because the investi- 
gators could not design a mask fitting a dog and 
because such a change in course would have jeopar- 
dized their Army contract, they left St. Louis for the 
Roswell Park Memorial Institute ready to pursue their 
original line of inquiry (47). 

Shortly after their arrival, Elam and Brown’s initial 
study was published in the New England Journal of 
Medicine (48). Sustaining their studies, Elam and 
Brown—along with numerous international collabo- 
rators—demonstrated that airway patency was criti- 


cal for successful rescue breathing. A simple exten- 
sion of the neck and anterior displacement of the 
mandible was usually sufficient to secure a patent 
airway. The older, more cumbersome chest pressure 
arm-lift methods of artificial respiration were ineffec- 
tive because, with or without a patent airway, insuf- 
ficient tidal volumes to sustain life would be deliv- 
ered to the patient's lungs (49). 

The simplicity of the technique of Elam and Brown 
impressed New York Health Commissioner Hilliboe, 
who requested that Elam and Brown prepare an 
instructional booklet entitled Rescue Breathing for na- 
tional distribution in 1959 (50). 

Furthermore, employing more popular media to 
promulgate their discovery, Elam and Brown pro- 
duced films aimed at both professional audiences and 
the general public to demonstrate their techniques 
(51). With support from the U.S. Army, which con- 
trolled distribution, the films sold for $38 each. Lent 
out on free loan, these educational movies were often 
not returned (52). Elam’s popularity as a speaker 
soared because his lectures were often accompanied 
by one of his films (53). 

By 1960, Elam and Brown’s recommended method 
of artificial respiration was adopted by the National 
Academy of Sciences, the American Society of Anes- 
thesiologists, the Medical Society of the State of New 
York, and the American Red Cross as the method of 
rescue breathing. The U.S. Army also recognized 
Elam’s accomplishments by awarding him a Certifi- 
cate of Achievement, and in 1962 the Medical Society 
of the State of New York, following suit, bestowed 
upon Elam the prestigious Albion O. Bernstein 
Award. 


Conclusions 


For 11 years, the anesthesiology department at the 
Roswell Park Memorial Institute led the nation, per- 
haps the world, in carbon dioxide research. Not only 
encouraged by George Moore, but also funded for 14 
years by a $35,000 yearly Armed Forces contract (the 
equivalent of about $500,000 today), Elam and Brown 
fully availed themselves of their opportunities. In 
that short time-span, they contributed over 50 articles 
to prestigious journals including Anesthesia and Anal- 
gesia, Anesthesiolagy, The New England Journal of Medi- 
cine, The Journal of the American Medical Association, 
Annals of the New York Academy of Sciences, and the 
Journal of Applied Physiology. 

The magic formula that made their work possible, 
in retrospect, was quite simple. Elam possessed a 
charismatic and determined personality, and Brown 
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was a mechanical engineer by training. While Jim 
Elam dreamed and schemed, Elwyn Brown pragmat- 
ically brought the dreams and schemes to fruition. 
Coupled with abundant financial and personnel sup- 
port and a “more relaxed” attitude toward medical 
research protocols and informed consent, they cre- 
ated an atmosphere in which serious research could 
be pursued. 

Yet, as may happen with many good things, the 
department folded. Elam hoped the younger gener- 
ation would disseminate word of his accomplish- 
ments, yet sadly he had no residents. Three estab- 
lished anesthesia programs trained housestaff in 
Buffalo at the time, but residents from these pro- 
grams did not rotate through the Roswell operating 
rooms and so were never exposed, first-hand, to 
Elam’s work or personality. Lacking the necessary 
obstetric and pediatric rotations and a sufficient case 
load to establish their own program (54), Elam and 
Brown sought in 1964 greener pastures at the Univer- 
sity of Kansas Medical Center. Elam was appointed 
professor and chairman of the Department of Anes- 
thesiology. Brown left shortly after their arrival to 
pursue his interests in pulmonary surfactant and 
pediatrics. Elam also left the University of Kansas 
after a few years. He has remained interested in 
artificial ventilation and rescue breathing even after 
ending his clinical career in Chicago in the mid-1980s. 

During their Roswell Park Memorial Institute ten- 
ure, Elam and Brown converted a part-time consult- 
ant anesthesia service into an internationally re- 
garded anesthesiology department. Their work in 
carbon dioxide homeostasis and absorption, mechan- 
ical ventilation, and artificial respiration can best be 
classified as both innovative and ingenious. Perhaps 
Paterno C. Albano, acting chief of the Department of 
Anesthesiology on Elam’s departure, accurately de- 
scribed their contribution in the first annual report 
written the year after their departure: “The research 
program ... has suffered considerably with the 
wholesale exodus of clinical and scientific staff” (55). 
Without question, their absence was acutely felt at 
Roswell Park. However, as a testimony to the import 
of their work, Elam and Brown’s research remains a 
standard by which all academic anesthesiologists 
may be judged. 
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Stellate ganglion blockade is a well-established 
method for management of certain chronic pain syn- 
dromes of the cervicothoracic region and upper ex- 
tremity. With repeated blocks, permanent relief of 
pain is often obtained. However, the incidence of 
side effects arising with stellate ganglion blockade is 
comparatively high (1). Although severe complica- 
tions are rare, they can be life-threatening and can 
occur even in the hands of experts. Because of the 
high vascularity of cervical tissues, rapid absorption 
of the local anesthetic and, consequently, high 
plasma concentrations may occur. This has, however, 
never been quantified, to the best of our knowledge. 
We therefore undertook a study to determine the 
plasma concentrations of bupivacaine after stellate 
ganglion blockade. 


Patients and Methods 


After written informed consent and approval by our 
ethics committee, 11 consecutive patients in our pain 
clinic scheduled for a series of stellate ganglion block- 
ades were investigated. The clinical data and pain 
syndromes of these patients are summarized in Table 
1. Stellate ganglion blockade was performed with 
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10 mL of 0.5% bupivacaine using the paratracheal 
anterior technique with the needle aimed at the 
transverse process of C-6 (2). Repeated aspiration 
was done during performance of the block with the 
needle rctated between each attempt. These tests 
were done after each 2 mL of solution had been 
injected, about 60 s being required for injection of the 
entire 10 mL. Heart rate, arterial pressure, and side 
effects were recorded. Peripheral venous blood sam- 
ples (3 mL) were drawn from the forearm of the 
contralateral side for determining plasma concentra- 
tions of bupivacaine 5 and 10 min before injection and 
2, 5, 10, 15, 20, 30, 45, and 60 min thereafter. 

The plasma concentrations of bupivacaine were 
measured as described previously (3). In short, 
plasma samples were assayed in duplicate by re- 
versed-phase high-performance liquid chromatogra- 
phy with ultraviolet detection. Bupivacaine was ex- 
tracted from plasma by solid-phase extraction. The 
recovery from the extraction procedure was 98.5%. 
Propranolol was used as an internal standard. The 
coefficient of variation showed acceptable precision of 
the assay in the range of 0.02-10 mg/L (5.3%). 


Results 
Clinical Results 


Ipsilateral Horner’s syndrome developed in all but 
one patient (patient 2). Nevertheless, a remarkable 
increase in skin temperature occurred in this patient. 
With the exception of patient 7 all patients had 
significant pain relief lasting at least 6 h. Three 
patients (1, 5, and 11) developed a temporary partial 
brachial plexus blockade after the injection. In two 
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Table 1. Biometrical Data and Clinical Diagnoses 


Patient Age Body weight 
No. Sex (yr) (kg) Pain syndrome 
1 F 28 65 Atypical facial pain 
2 F 33 97 Raynaud's syndrome 
3 F 32 68 Sympathetic reflex 
dystrophy 
4 F 63 73 Atypical facial pain 
5 M 31 74 Atypical facial pain 
6 M 66 72 Postherpetic neuralgia 
7 M 7 61 Brachialgia as a result of 
radiation myelopathy 
8 F 53 62 Lesion of brachial plexus 
after radiation 
9 M 63 46 Raynaud’s syndrome 
10 M 47 77 Causalgia left arm 
11 F 50 49 Causalgia left arm 


women (patients 3 and 8) signs of central nervous 
system toxicity occurred. Patient 3 reported dizziness 
and buzzing in the ears that started immediately after 
injection of bupivacaine and lasted 3 min; no further 
symptoms developed. Patient 8 developed a general- 
ized seizure during the injection. Aspiration tests 
before the injection started and after the injection of 
2 mL had been negative. After administration of 
20 mg bupivacaine (4 mL) this patient developed a 
generalized seizure. The injection was immediately 
stopped and the needle withdrawn. Instantly, oxy- 
gen was given by a face mask and 5 mg midazolam 
was administered intravenously. Within 3 min she 
regained consciousness. After 5 min she had a 
Horner's syndrome and pain relief in her arm lasting 
approximately 18 h. She was discharged from the 
hospital 3 h later without further sequelae. 

No significant changes in heart rate or blood pres- 
sure were observed after the injection (always less 
than 15% deviation from baseline values) except in 
the patient with seizure. 


Laboratory Findings 


The median peak plasma concentration of bupiv- 
acaine after the injection of 50 mg of the substance 
for stellate ganglion blockade was 0.9 pg/mL. The 
median time to reach maximum values was 5 min. 
There was a remarkable interindividual variation in 
regard to Cmax (range, 0.8-3.2 ug/mL) and tmax 
(range, 2-15 min) (Table 2). Three patients had max- 
imum concentrations exceeding 2 ug/mL. 


Discussion 


The cervical region is a highly vascularized area. 
Therefore, rapid absorption or inadvertent intravas- 
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cular injection of local anesthetics and, consequently, 
high and presumably toxic plasma concentrations 
may be assumed. Nevertheless, plasma concentra- 
tions of bupivacaine or any other local anesthetic after 
injection for stellate ganglion blockade are missing. 
The present study shows that the above assumption 
of rapid absorption is true. Despite interindividual 
variations, one can conclude that the absorption of 
bupivacaine is probably more rapid than with many 
other nerve blocks. In comparison, most authors 
have reported times to peak concentrations of bupi- 
vacaine in plasma to be 5-20 min after intercostal 
nerve block and 15-30 min after epidural blockade or 
brachial plexus block (4). Indeed, immediately after 
the injection of local anesthetics, arterial and central 
venous plasma concentrations might have been even 
higher than those determined in peripheral venous 
samples (5,6). Bui, from an ethical point of view, it 
was not regarded as appropriate to put arterial or 
central venous lines in patients in the present study. 

In 3 of 11 patients, maximum venous plasma 
concentrations exceeding the threshold for central 
nervous system toxicity of approximately 2 ug/mL (7) 
were observed despite a comparatively low dose of 
50 mg bupivacaine. In one of these patients, mild 
clinical symptoms of central nervous system toxicity 
developed (Table 2, patient 3). The most serious 
complication was a generalized seizure after the ad- 
ministration of only 20 mg bupivacaine. At the time 
of the seizure, the patient had rather low plasma 
concentrations of bupivacaine (Table 2, patient 8). 
Despite multiple negative aspiration tests, an inad- 
vertent injection into the vertebral artery is the most 
probable explanation for this complication. All air 
was removed from the needle and syringe before the 
blockade. Thus, air embolism was not the cause of 
seizure; the local anesthetic itself was. Because the 
patient had a Horner’s syndrome after the injection, 
only a part of the 20-mg dose must have been injected 
intraarterially; the rest must have reached the cervical 
sympathetic chain. This scenario is in accordance 
with the results reported in the literature showing 
that even smaller doses than 20 mg may result in such 
complications during stellate ganglion blocks. Kor- 
evaar and coworkers (8), as well as Kozody and 
coworkers (9), have reported on convulsions after 7.5 
and 2.5 mg of bupivacaine. The estimated minimum 
toxic dose injected into a vertebral artery as a bolus 
can be derived from the following calculation (8,9): 
15% of the cardiac output goes to the brain, and 20% 
of the total cerebral blood flow is through one of the 
vertebral arteries. If the injection is made rapidly into 
a vertebral artery, the minimum toxic dose will be 3% 
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Table 2. Plasma Concentrations of Bupivacaine (ug/mL) Before and After Stellate Ganglion Blockade With 





50 mg of 0.5% Bupivacaine 


Patient No. ~10 -5 +2 +5 
1 0 0 1.3 1.3 
2 0 0 2.2 1.2 
3 0 0 3.2 2.5 
4 0 0 0.8 0.9 
5 0 0 0.3 0.7 
6 0 0 0.4 0.8 
7 0 0 0.3 0.4 
8 0 0 0.2 0.6 
9 0 0 1.7 2.1 

10 0.05 0.05 0.6 0.8 
11 0 0 0.7 0.9 





Time (mir) 
-10 +15 +20 +30 +45 +60 
1.0 1.0 0.9 0.8 0.5 0.4 
0.8 0.4 0.4 0.3 0.2 0.2 
0.8 0.8 0.7 0.4 0.4 0.4 
0.8 0.5 0.5 0.5 0.3 0.3 
0.8 0.8 0.7 0.6 0.4 0.4 
0.8 0.8 0.6 0.6 0.5 0.3 
0.6 0.8 0.7 0.7 0.7 0.6 
0.6 0.4 0.4 0.4 0.3 0.3 
1.9 1.8 1.2 1.1 1.1 0.9 
0.8 0.5 0.5 0.4 0.4 0.3 
0.8 0.8 0.6 0.5 0.5 0.4 


“The injection of bupivacaine was abandoned in this patient after application of 20 mg because of generalized seizure, most probably because of an 


inadvertent intraarterial injection. 


of the minimum toxic intravenous dose (1.6 mg/kg), 
i.e., approximately 3.0 mg in a 62-kg patient (e.g., 
patient 8). Therefore, even a test dose smaller than 
1 mL of 0.5% bupivacaine may result in convulsions if 
an inadvertent intraarterial injection occurs. 

Several case reports of severe complications fol- 
lowing stellate ganglion blockade have been pub- 
lished (8-12), but the true incidence remains to be 
evaluated. During the last 4 yr more than 600 stellate 
ganglion blockades with bupivacaine have been per- 
formed in our pain clinic. Three notable complica- 
tions (1 in 200) occurred: an inadvertent subarachnoid 
injection (the patient was sedated and in need of 
artificial ventilation for 8 h without further sequelae), 
one generalized seizure (included in this study), and 
a marked bradycardia and syncope (probably a vagal 
reflex) not requiring specific treatment. The plasma 
concentrations reported in the present study, as well 
as the observed complications, emphasize the impor- 
tance of the following recommendations: 


1. Every patient scheduled for stellate ganglion block- 
ade must have an intravenous line in place and must 
be monitored appropriately after the injection. 
Resuscitation equipment must be readily available. 
The person performing stellate ganglion blockade 
must be familiar with cardiopulmonary resuscita- 
tion and the treatment of possible life-threatening 
complications. 

4, These blocks should be performed only when an 
assistant is present. 

5. Even multiple aspiration tests do not exclude 
intraarterial injection. Therefore, all air should be 
removed from needles and syringes and a very 
small dose of local anesthetic should be used as a 
test dose. 


Wh 
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Saline amnioinfusion is a method to enlarge the 
amniotic cavity to relieve umbilical cord compression 
responsible for variable decelerations in fetal heart 
rate (1-4). Recently, amnioinfusion has been per- 
formed to dilute thick meconium to reduce the dele- 
terious effects of fetal meconium aspiration (5,6). To 
our knowledge, there is no published report of a 
serious complication during amnioinfusion. We re- 
port the case of a patient who experienced acute 
respiratory failure during saline amnioinfusion. 


Case Report 


A healthy 24-yr-old woman, gravida 4, para 0, pre- 
sented at 40.5 wk gestation in early labor. She had no 
history of cardiovascular or pulmonary disease and 
was a nonsmoker. Her pregnancy was complicated 
by fetal gastroschisis diagnosed at 19 wk gestation by 
ultrasound. 

On admission the patient's vital signs were within 
normal limits. Fetal heart rate (measured by Doppler 
ultrasound) was 170-175 beats/min with little variabil- 
ity. Contractions were occurring every 2-4 min. In- 
travenous hydration and administration of supple- 
mental oxygen (4 L/min by nasal cannula) were 
begun. 

One hour and ten minutes after admission the 
patient vomited once. She remained alert and had no 
coughing or wheezing. Examination 15 min later 
revealed 1-2-cm cervical dilation with 80% efface- 
ment. Fetal heart rate was 170-180 beats/min with 
decreased variability. Amniotomy was performed 
and revealed amniotic fluid containing thick meco- 
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nium. A fetal scalp electrocardiogram lead and in- 
trauterine pressure catheter were placed. Amnioinfu- 
sion of 500 mL normal saline via the intrauterine 
pressure catheter was begun with an infusion pump 
at a rate of 999 mL/h. Fetal heart rate decreased to 
160-170 beats/min during the amnioinfusion, but the 
decreased variability persisted. A second 500-mL 
amnioinfusion was administered, but the fetal heart 
rate remained at 160-170 beats/min with decreased 
variability. 

Three hours after completion of the second amnio- 
infusion, the patient requested analgesia. Her cervix 
was 5 cm dilated and completely effaced. Fetal heart 
rate was 150-160 beats/min with variable decelera- 
tions to a rate of 80-90 beats/min with each contrac- 
tion. Nalbuphine, 10 mg, was given intravenously. 
The patient continued to experience pain, and she 
requested epidural analgesia. Automatic blood pres- 
sure and electrocardiogram monitoring were begun. 
Lactated Ringer’s solution, 900 mL, was infused 
intravenously over 30 min, and an epidural catheter 
was placed without difficulty via the L34 interspace. 
A test dose of 3 mL of 1.5% lidocaine with epineph- 
rine 1:200,000 was given without evidence of intrave- 
nous or subarachnoid injection. At this time, a third 
500-mL saline amnioinfusion was begun at 999 mL/h 
for treatment of variable decelerations. 

Ten milliliters of 0.25% bupivacaine was injected 
epidurally over 10 min. A sensory level of T-11 was - 
obtained, and the patient reported good pain relief. 
Blood pressure was 142/72 mm Hg, and maternal 
heart rate was 102 beats/min after analgesia was 
achieved. 

Approximately 30 min after injection of the bupi- 
vacaine and near the completion of the third amnio- 
infusion, the patient became acutely dyspneic. Sitting 
upright with a respiratory rate of 32 breaths/min, 
blood pressure of 130/64 mm Hg, and heart rate of 128 
beats/min, she had a cough that produced a clear, 
frothy yellow fluid. Rales were present diffusely over 
both lower lung fields, but wheezing was absent. 
(She had received 2 L of intravenous lactated Ringer's 
solution during the 7 h preceding the onset of dys- 
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pnea.) With administration of oxygen, 2 L/min by nasal 
cannula, an arterial blood sample demonstrated a 
pH of 7.29, Pco, of 34 mm Hg, Po, of 74 mm 
Hg, bicarbonate of 15 mEq/L, and base deficit of 
—10 mEq/L. 

At this time, while preparing to insert a urethral 
catheter, we noticed that the perineum was bulging, 


and the patient was transferred to the delivery room.’ 


Oxygen, 10 L/min, was administered by anesthesia 
face mask with a semiclosed circle system. Arterial 
oxygen saturation measured by pulse oximetry was 
maintained at 99%-100%. The respiratory rate was 38 
breaths/min, blood pressure was 130/62 mm Hg, and 
heart rate was 124 beats/min. Twenty minutes after 
arrival in the delivery room, a 3360-g female infant 
with gastroschisis was delivered by low forceps over 
a midline episiotomy. Apgar scores were 2 and 6 
at 1 and 5 min, respectively. Umbilical vein and 
artery pH values were 7.126 and 7.077, respectively. 
There was no evidence of uterine atony or excessive 
bleeding. 

The patient continued to produce a copious clear 
yellow sputum that had a frothy appearance. A 
urethral catheter and a radial arterial catheter were 
placed. With administration of 100% oxygen by face 
mask, blood gas analysis demonstrated a pH of 7.23, 
Pco, of 39 mm Hg, Po, of 295 mm Hg, and a base 
deficit of —10 mEq/L. Intravenous administration of 
furosemide and nitroglycerin failed to improve the 
patient’s symptoms. 

A chest x-ray showed pulmonary vascular conges- 
tion with fluffy perihilar densities consistent with 
pulmonary edema. Ninety minutes after delivery, 
with an Fro, of 1.0, arterial blood gas analysis dem- 
onstrated a pH of 7.23, Pco, of 38 mm Hg, Po, of 
177 mm Hg, bicarbonate of 16 mEq/L, and a base 
deficit of —11 mEq/L. Sodium bicarbonate (44 mEq) 
was administered, and the patient was transferred to 
the medical intensive care unit. An electrocardiogram 
demonstrated sinus tachycardia but no changes sug- 
gestive of ischemia. Continuous positive airway pres- 
sure of 12.5 cm H,O by face mask provided some 
symptomatic relief, but the respiratory rate remained 
at 30-40 breaths/min. Arterial blood gas analysis 
during administration of 100% oxygen by continuous 
positive airway pressure mask showed a pH of 7.33, 
Pco, of 37 mm Hg, Po, of 393 mm Hg, bicarbonate of 
19 mEq/L, and a base deficit of —6 mEq/L. Three 
hours after admission to the intensive care unit, the 
patient complained of fatigue and arterial oxygen 
Saturation decreased to 89%. Tracheal intubation was 
deemed necessary. Cricoid pressure was applied, 
thiopental and succinylcholine were given, and intu- 
bation was performed. (The endotracheal tube was 
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initially placed in the esophagus but was correctly 
repositioned in the trachea within 1 min. There was 
no evidence of aspiration.) Mechanical ventilation 
was instituted with positive end expiratory pressure 
of 5-8 cm H,O. Peak inspiratory pressures were 
40-45 cm H,O. 

Hypotension occurred after mechanical ventilation 
was initiated, but blood pressure improved with 
dopamine and dobutamine infusions. A pulmonary 
artery catheter demonstrated pulmonary artery pres- 
sure to be 45/31 mm Hg with a capillary wedge 
pressure of 18 mm Hg. Cardiac index by thermodilu- 
tion was 1.9 L-min™'-m~* with inotropic support. 
Calculated systemic and pulmonary vascular resis- 
tances were 2084 and 383 dynes:s-cm7®, respectively. 
The coagulation profile was within normal limits 
except for fibrin degradation products, which were 
markedly elevated at >80 ug/mL, and a fibrinogen 
concentration, which was somewhat elevated at 
429 mg/dL. The platelet count decreased from a 
baseline of 190,000/mm? to 78,000/mm? 28 h after the 
onset of symptoms. There was no clinical evidence of 
excessive bleeding. 

The patient’s temperature reached a maximum of 
38.4°C 14 h after the onset of dyspnea. All blood, 
urine, sputum, and placental cultures were negative. 
The pathologic examination showed the placenta to 
be normal without evidence of abruption or infarc- 
tion. Analysis of pulmonary artery blood obtained 
approximately 10 h after the onset of dyspnea re- 
vealed no squamous cells or lanugo hairs. Direct 
immunofluorescence studies were difficult to inter- 
pret because of the presence of inflammatory cells. 

With supportive care, the patient steadily im- 
proved and was extubated on the fourth postpartum 
day. An echocardiogram done on the sixth postpar- 
tum day revealed normal left ventricular function and 
the absence of valvular heart disease. Serial chest 
x-ravs demonstrated clearing of the infiltrates by the 
ninth postpartum day. The patient was discharged 
home on the 11th postpartum day. 


Discussion 


We considered several possible etiologies for the 
acute onset of dyspnea and hypoxemia in this preg- 
nant patient. Simple bronchospasm was unlikely 
because of the absence of wheezing and a clinical 
course consistent with adult respiratory distress syn- 
drome. Fluid overload in a young healthy pregnant 
women should have caused a high cardiac output 
rather than a cardiac index of 1.9 L-:min™'-m~* with 
marked metabolic acidosis. There was no evidence of 
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cardiac enlargement tc suggest cardiomyopathy of 
pregnancy, nor was the clinical course consistent 
with this diagnosis. Thromboembolism can cause a 
marked elevation in pulmonary vascular resistance 
and a decrease in cardiac output. However, this 
patient demonstrated no clinical evidence of deep 
venous thrombosis, and she denied chest pain and 
produced no bloody sputum. Further, the chest x-ray 
showed bilateral pulmonary edema rather than the 
segmental regions of vascular lucency that would be 
expected in pulmonary embolic disease. Unfortu- 
nately, diagnostic tests such as ventilation perfusion 
scanning or pulmonary arteriography were not per- 
formed. 

Aspiration pneumonitis may also cause an adult 
respiratory distress syndrome. This patient, how- 
ever, had only one episode of vomiting, which oc- 
curred 5.5 h before her acute onset of dyspnea. 
Although pregnant women are at risk for aspiration, 
this patient was awake and alert and had received no 
sedation before vomiting. She received one 10-mg 
dose of nalbuphine 1 h before the onset of dyspnea, 
but she remained awake and alert. The patient re- 
ceived no other sedative drugs. The patient had no 
evidence of bronchospasm, and the radiologic find- 
ings were not consistent with the patchy or flocculent 
pulmonary infiltrates characteristic of aspiration. 

The occurrence of dyspnea was temporally related 
to the institution of epidural anesthesia. If uninten- 
tionally injected intravascularly, the local anesthetic 
bupivacaine can be implicated in cardiovascular col- 
lapse. There is good evidence that this did not occur, 
primarily because the patient obtained the level of 
analgesia that would be expected from the epidural 
injection of drug. Further, there were no central 
nervous system symptoms or cardiac dysrhythmias 
suggestive of intravenous injection. Finally, the 
symptoms began 30 min after the epidural injection, 
whereas intravascular injection would have resulted 
in immediate symptoms because of high blood levels 
of drug. 

Our patient demonstrated an acute onset of dys- 
pnea, hypoxemia, and circulatory instability, which 
are signs of amniotic fluid embolism. The increased 
pulmonary vascular resistance and decreased cardiac 
output were also consistent with this diagnosis. Yet 
there are inconsistencies. Amniotic fluid embolism 
has a mortality rate as high as 86%, but our patient 
recovered completely from her critical illness. Patho- 
logic evidence for fetal squamous cells, mucin, and 
lanugo hairs in pulmonary arterial blood were lack- 
ing. Coagulation abnormalities were present but 
were modest, and there was no clinical bleeding. 
Could these inconsistencies be explained by hypoth- 
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esizing that our patient did not experience a sponta- 
neous amniotic fluid embolism, but rather had an 
embolus of amniotic fluid diluted by the normal saline 
of the amnioinfusion? We wonder whether amnioinfu- 
sion at high infusion rates and pressures may predis- 
pose to entry of amniotic fluid into uterine vessels. 

The onset of dyspnea was temporally related to the 
third 500-mL amnioinfusion. Normal saline was be- 
ing infused via the intrauterine pressure catheter 
with an infusion pump (Abbott/Shaw Lifecare Pump, 
model IID, Abbett Laboratories, North Chicago, Il.) 
at a rate of 999 mL/h (about 17 mL/min). It is possible 
that high pressures could have been generated dur- 
ing our technique of amnioinfusion. Pressures as 
high as 50 psi (2587 mm Hg) can be generated with 
this infusion pump before occlusion alarms sound 
and the pump stalls. Other reports of amnioinfusion 
(1,2) described infusing normal saline by gravity. One 
report (5) described an amnioinfusion rate higher 
than that used in this patient (1000 mL infused over 
20-40 min) and one study (2) reported a comparable 
infusion rate (15-20 mL/min up to 800 mL total), but 
most (1,3,4,6) used slower infusion rates. No compli- 
cations were reported in any of these studies. 

In summary, we have reported a case of acute 
respiratory distress temporally associated with saline 
amnioinfusion in a healthy parturient. We consider 
amnioinfusion to be a useful procedure in situations 
of oligohydramnios and/or meconium staining of the 
amniotic fluid. We emphasize that a cause-and-effect 
relationship between amnioinfusion and respiratory 
failure was not established in this case. Rather, we 
report this case because of a temporal relationship 
between unexpected respiratory failure and a new 
procedure. 
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Stellate ganglion blocks (SGBs) (1) are used in adults 
for a variety of syndromes, including reflex sympa- 
thetic dystrophy, causalgia, herpes zoster, posther- 
petic neuralgia, Raynaud’s syndrome, vasoconstric- 
tion of the vessels of the upper extremity, and a 
variety of chronic pain syndromes of the upper 
extremity. In pediatric patients, particularly patients 
under 6 yr of age, many of these diseases are not 
commonly seen, and, consequently, the indications 
for the performance of SGBs do not frequently arise 
in that patient population. We describe, because of 
this, two pediatric patients in whom we performed 
SGBs for two different clinical syndromes. As these 
conditions and other pain syndromes may become 
more frequently diagnosed, the need for the perfor- 
mance of SGBs in pediatric patients may increase. 


Case 1 


This patient was an 18-mo-old girl with a history of 
congenital vascular malformations affecting the 
thumb, index, and middle fingers of the left hand. 
These malformations had suddenly increased in size 
and had interfered with the development and func- 
tioning of the patient. Accordingly, the patient un- 
derwent percutaneous embolization of the digital 
venous malformations of the left hand. The postem- 
bolization course was complicated by vascular diver- 
gence to the second and third digits, interfering with 
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circulation. The fourth digit developed severe isch- 
emia of dermal layers with a capillary refill time >6 s 
in the third, fourth, and fifth digits. Before surgical 
exploration, the patient was referred to our Pain 
Control Center for possible nerve block therapy that 
might not only maximize perfusion before surgical 
exploration but also provide preoperative control of 
pain. 

On examination, the patient was a 12-kg female 
with a major venous malformation of the left hand. 
There was no past history of any significant systemic 
illness other than the congenital vascular malforma- 
tions of the left hand. The rest of her physical exami- 
nation was essentially normal. Blood pressure was 
120/59 mm Hg, pulse was 106 beats/min, and respira- 
tion was 28 breaths/min. Laboratory data included a 
hematocrit of 30.7%, platelet count 449,000/mm‘*, pro- 
thrombin time 14 s, partial thromboplastin time 38 s, 
glucose 85 mg/dL, creatinine 0.6 mg/dL, and normal 
urinalysis. Medications included 5 mg meperidine ad- 
ministered intravenously every 3 h for pain and 12.5 mg 
acetaminophen with codeine elixir administered every 
4h. 

The SGB was performed in the recovery room 
because we believed it would not be wise to perform 
a SGB in such a young patient without sedation. The 
patient was monitored using an electrocardiogram, 
Omega 1400 oscillometric blood pressure monitor, 
and pulse oximetry. After the insertion of an intrave- 
nous catheter, 0.15 mg atropine was administered 
intravenously and the patient was sedated with 
1 mg/kg intravenous ketamine. 

After the patient was adequately sedated, the neck 
was extended by placing a small towel between the 
scapulae. The entire neck and upper chest area were 
cleansed with Betadine solution and draped with 
sterile towels. The anterior tubercle of the sixth 
transverse process (Chassagniac’s tubercle) was iden- 
tified at the level of the cricoid cartilage and was 
immobilized between the second and third fingers 
with the same fingers retracting the carotid artery 
laterally along the anterior border of the sternoclei- 
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domastoid muscle. A 22-gauge regular needle, at- 
tached to a syringe containing 4 mL of 0.25% bupiv- 
acaine (10 mg), was inserted perpendicularly through 
the skin toward the anterior tubercle of the sixth 
transverse process. After bony contact was estab- 
lished, the needle was withdrawn approximately 
1 mm while the hub of the needle was stabilized with 
the left hand resting on the anterior chest wall. The 
bupivacaine solution was injected after careful aspi- 
ration. Sequential aspirations were subsequently car- 
ried out after each milliliter of bupivacaine was in- 
jected. The patient remained immobile and 
moderately sedated throughout the entire procedure, 
and all aspirations through the needle were negative 
for blood or other fluids. 

Shortly after the completion of the SGB, the isch- 
emic hand became less cyanotic and the dark areas in 
the second, third, fourth, and fifth fingers looked 
healthier and pink. The color continued to improve 
except on the ventral aspect of the distal phalanx and 
intermediate phalanx of the fourth finger where some 
ischemia persisted. That the stellate ganglion was 
blocked was evidenced by a Horner’s syndrome on 
the left side, conjunctival injection of the left eye, 
along with general hyperemia of the entire left upper 
extremity. Capillary refill time decreased to less than 
3 s in the ischemic fingers approximately 1 h after the 
performance of the SGB. The patient was reevaluated 
3 h after the block, and the general condition of the 
hand remained satisfactory. Capillary refill was main- 
tained at less than 3 s. The patient appeared to be 
without pain and discomfort. Twenty-four hours and 
48 h after the performance of the block, the circula- 
tory status of the left hand remained good and the 
proposed surgery was canceled. The patient was seen 
in follow-up in the clinic 7 days later, and the circu- 
latory state of the hand remained good. Pain also 
remained adequately controlled at that time. 


Case 2 


A 6-yr-old girl was admitted to our cardiology service 
with a history of sudden onset of syncope, brief 
periods of loss of consciousness, and an irregular 
heart beat. Before transfer to our institution from 
another hospital she was receiving a continuous 
lidocaine intravenous infusion preceded by a bolus 
intravenous injection of lidocaine, 2 mg/kg, for the 
above-mentioned symptoms. The patient’s past med- 
ical history was unremarkable. The patient's mother 
died at 18 yr of age of an unknown cause. Further, 

the patient had an aunt who had a history of loss of 
consciousness and cardiac arrhythmias and who was 
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also receiving medication for a seizure disorder. Be- 
cause of the seriousness of the patient's arrhythmia 
and its hemodynamic consequences, she was trans- 
ferred to the pediatric intensive care unit. The elec- 
trocardiogram showed sinus rhythm with intermit- 
tent premature ventricular contractions progressing 
to ventricular tachycardia. The Q-T interval was pro- 
longed (0.55 s). The rhythm was consistent with 
“torsades des pointes” or familial prolonged Q-T 
syndrome. In spite of the lidocaine infusion, the 
patient developed breakthrough ventricular tachycar- 
dia, which progressed to cardiac arrest. The ventric- 
ular tachycardia was initially treated with intrave- 
nous isoproterenol and bretylium infusion. When 
cardiac arrest occurred, full advanced cardiac life 
support was instituted with the patient successfully 
resuscitated. She nevertheless continued to have 
frequent ventricular ectopy. A transvenous cardiac 
pacemaker was placed and was set at a rate of 
120 beats/min with a good capture. Isoproterenol and 
bretylium infusions were discontinued, and medica- 
tion with propranolol and phenytoin was initiated. 

The patient continued to progress fairly satisfacto- 
rily until the sixth day after admission, when she 
developed severe ventricular ectopy leading to mul- 
tifocal premature ventricular contractions that pro- 
gressed to episodes of ventricular tachycardia. These 
intermittent episodes of ventricular tachycardia be- 
came continuous, producing loss of consciousness. 
At that point, the patient received cardiopulmonary 
resuscitation again for approximately 4 min and it 
was decided that the pacemaker had become ineffec- 
tive. She underwent cardioversion with 20 W, which 
allowed the pacemaker to recapture at a rate of 
150 beats/min. From a hemodynamic standpoint, she 
remained relatively stable afterward. 

At that point, we were asked to perform a diag- 
nostic left SGB for this patient to assess whether 
surgical stellate ganglionectomy might provide some 
sustained relief of her life-threatening cardiac symp- 
toms. The following day we performed a left SGB 
with 5 mL of 0.25% bupivacaine. The customary signs 
of a successful SGB were not seen, but her general 
condition appeared to stabilize from a cardiac stand- 
point. She had no further ventricular ectopy and her 
pacemaker ran at a rate of approximately 130- 
140 beats/min. She remained asymptomatic and with- 
out any signs of ventricular ectopy for another 24 h. 
On the ninth day of admission she underwent place- 
ment of a permanent atrioventricular sequential pace- 
maker and also surgical left stellate ganglionectomy. 

Postoperatively she developed a left Horner’s syn- 
drome. Approximately 6 h postoperatively she also 
developed ventricular ectopy that lasted for approxi- 
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mately 2 h. Her plasma phenytoin level was in- 
creased and she developed no further ventricular 
ectopy. On the 10th postoperative day her phenytoin 
and propranolol plasma levels were optimized and 
her general condition stabilized. She was evaluated 
with a 24-h Holter monitor, and no further evidence 
of ventricular ectopic activity was seen. She was 
discharged from the hospital on the 18th postopera- 
tive day after her parents were instructed and certi- 
fied in cardiopulmonary resuscitation and basic life 
support. She was seen 1 wk later in the pediatric 
cardiology clinic and she continued to remain asymp- 
tomatic with no signs of ventricular ectopy. 


Discussion 


Chronic pain management is rapidly developing into 
a major subspecialty in modern medicine. Nerve 
block therapy is one of the modalities available to 
patients with chronic pain. Sympathetic blocks (2) in 
general and SGBs in particular have been widely used 
for the management of several acute and chronic pain 
syndromes, including reflex sympathetic dystrophy 
(3), causalgia, sympathetically mediated pain, herpes 
zoster (4), postherpetic neuralgia, Raynaud’s syn- 
drome, Raynaud’s phenomenon, unilateral headache 
(5), and vascular insufficiency syndromes. Stellate 
ganglion blocks have also been used to treat chest 
pain secondary to angina pectoris (6) and primary 
pulmonary hypertension (7). However, most of these 
syndromes have been almost exclusively diagnosed 
in adults. 

One of the goals of health-care providers for the 
1990s has been to bring the management of chronic 
pain in pediatric patients to the forefront of chronic 
pain management. There has been a misconception 
that very young pediatric patients do not experience 
pain (8). This misconception was compounded by the 
fact that there were very few reliable and reproduc- 
ible methods for measuring pain, not only in adults 
but also in pediatric patients. With renewed interest 
in chronic pain in pediatric patients, it is very likely 
that more chronic pain syndromes in the pediatric 
patient population will be investigated and diag- 
nosed, and appropriate treatment strategies devel- 
oped. Thus, it may be helpful to describe and to 
report on the use of one of the more frequently used 
nerve blocks in the management of pain and other 
medical problems in pediatric patients, stellate gan- 
glion block. 

In the first case report, the patient had major 
vascular insufficiency, secondary to congenital 
venous malformations, which produced ischemic 
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changes. The resulting sympathetic blockade of the 
upper extremity induced by the SGB produced vaso- 
dilation not only of the large and middle order 
vessels, but also significant vasodilation at the capil- 
lary level. This sympathetic blockade and subsequent 
vasodilation was dramatic not only in that the effect 
was almost instantaneous, but also in that it was 
sustained for a long period. The efficacy of this block 
negated the need for major vascular surgery in a very 
small infant in whom the morbidity would not have 
been insignificant. It is very likely that congenital 
vascular malformations may occur with sufficient 
frequency to make this procedure applicable in cases 
in which ischemia and impending infarction are 
present. To the best of our knowledge, the frequency 
of Raynaud's phenomenon or syndrome has not been 
reported in children (9), and these conditions may be 
either undertreated or undiagnosed. With the avail- 
ability and demonstrated efficacy of SGB in treating 
these vascular phenomena, it is likely that health-care 
providers may be more prone to use these methods in 
the management of pediatric patients with peripheral 
vascular insufficiency. 

With regard to the second case report, many 
reports have been published indicating that patients 
with prolonged Q-T syndromes and cardiac arrhyth- 
mias respond favorably to SGB (10). The association 
of a prolonged Q-T syndrome, congenital deafness, 
mutism, and syncopal attacks secondary to ventricu- 
lar dysfunction after emotional or physical stress (the 
Jervell-Lange-Nielsen syndrome [11]), is associated 
with sudden death in children. When the congenital 
deafness is absent in this syndrome (but the other 
cardiovascular signs and symptoms are present) the 
condition is referred to as the Romano-Ward syn- 
drome (12,13). Both of these conditions have high 
mortality rates and are a major cause of sudden death 
in children. The pathogenesis of these syndromes is 
not well understood, and treatment is currently 
based on symptoms and is supportive. 

Several reports (14,15) have indicated that left 
SGBs can be life-saving by interrupting acute epi- 
sodes of ventricular tachyarrhythmias in patients 
with the above syndromes. The more definitive treat- 
ment is a surgical stellate ganglionectomy or surgical 
cervical sympathectomy. These syndromes, although 
not common, occur with sufficient frequency to make 
it important for anesthesiologists to be aware of their 
existence and the role of SGBs in their management. 
There are no reliable data on the frequency of these 
syndromes, but in our institution we have had three 
patients in 5 yr who required SGB therapy for tachy- 
arrhythmias secondary to prolonged Q-T syndrome. 
There has been some controversy as to whether a left 
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or right SGB would be more effective. Prolongation of 
the Q-T interval with a right SGB has been reported, 
as has shortening of the Q-T interval with a left SGB 
(16), although unpublished observations by other 
workers showed no change in the Q-T interval after 
either left or right SGB. Indeed, although prolonga- 
tion of the Q-T interval has been reported after both 
left and right SGB (17), further studies have demon- 
strated significant prolongation of the functional re- 
fractory period exclusively in the lateral and posterior 
left ventricle of the cat after left SGB (18). That there 
are other cardiac effects of SGBs (in addition to the 
effects on the dromotropic activity of the heart) is 
suggested by the observation that left SGBs affect 
mainly the inotropic effect of the myocardium 
whereas right SGBs affect mainly chronotropic activ- 
ity of the myocardium (19). It is very likely that all the 
above studies may well have some relevance to the 
clinical picture, but this is definitely not yet clearly 
elucidated. Therefore, it becomes necessary for anes- 
thesiologists to be familiar with these syndromes and 
the possible therapeutic role of SGBs in the manage- 
ment of these patients. 

The younger and therefore the smaller the patient, 
the more difficult it is to obtain cooperation of the 
patient for the performance of SGBs. In a crying or 
active infant who is unlikely to remain still, serious 
damage to structures contiguous to the stellate gan- 
glion (e.g., vertebral artery, carotid artery, trachea, 
anterior jugular vein, thyroid gland, and brachial 
plexus) may occur during a performance of this block. 
To facilitate the safe performance of this block, seda- 
tion may become necessary. We chose intravenous 
ketamine in case 1 because it has antiarrhythmic 
properties and does noi depress the respiration as 
readily as thiopental and most of the other sedatives 
and tranquilizers. (Case 2 did not require sedation 
because the patient was already sedated from a prior 
procedure.) The tachycardia after ketamine adminis- 
tration may be beneficial in the event of any vagal 
response from inadvertent pressure on the carotid 
body during the performance of the SGB. Ketamine, 
on the other hand, may cause an accumulation of 
oropharyngeal secretions that may produce laryngo- 
spasm and subsequent respiratory difficulties. In an- 
ticipation of these undesirable potential complica- 
tions, the patient was given intravenous atropine 
before the administration of ketamine. Because this 
procedure and subsequent sedation is associated 
with some degree of morbidity, basic monitoring and 
intravenous access must be obtained beforehand. The 
monitoring used in both patients consisted of electro- 
cardiogram, oscillometric blood pressure monitoring, 
pulse oximetry, and careful patient observation. It is 
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also necessary to have available the routine anesthetic 
drugs including thiopental (to abort any seizure ac- 
tivity that may develop) and succinylcholine (to facil- 
itate tracheal intubation if necessary), as well as other 
resuscitative drugs. An anesthesia machine—or, in 
its absence, a self-inflating bag with face masks, 
airway, laryngoscope, suction device, endotracheal 
tubes, and oxygen source—is necessary to deal with 
any ventilatory dysfunction that may occur. 

In conclusion, we describe two clinical syndromes 
in pediatric patients that were treated with SGBs. The 
syndromes included vascular insufficiency secondary 
to congenital vascular malformation and the Romano- 
Ward syndrome consisting of prolongation of the QT 
interval with life-threatening cardiac dysarrhythmias. 
Both patients responded satisfactorily to SGBs, and we 
recommend that this technique be available in the 
anesthesiologist’s armamentarium for treating these 
and related syndromes. 
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Acute Dystonia After Alfentanil in Untreated Parkinson’s Disease 
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There is evidence from animal experiments that opi- 
oids may induce parkinsonism through decreased 
central dopaminergic transmission (1), but there has 
been little discussion of this possibility in humans (2). 

We present a patient with untreated Parkinson’s 
disease who developed an acute dystonic reaction 
after the administration of alfentanil. 


Case Report 


A 79-yr-old woman with bilateral acute angle glau- 
coma was scheduled for a trabeculectomy of her right 
eye. Seven months earlier she had been diagnosed as 
having Parkinson’s disease after admission to hospi- 
tal for a left-sided cerebral vascular accident (CVA). A 
computed tomography scan of the head performed at 
that time revealed no local pathology. Although she 
had received treatment for hypertension and glau- 
coma in the past, she was taking no medications at 
the time of her present admission except for di- 
clofenac for osteoarthritis. 

At the preoperative visit, the patient was found to 
have the following features of Parkinson’s disease: 
masklike facies, slow slurred speech, lead pipe rigid- 
ity in both arms, a pill-rolling tremor (especially of the 
right hand), difficulty in initiating movement, poor 
balance, and a shuffling gait with poverty of motion. 
There was no evidence of residual weakness from the 
previous CVA. She was normotensive (150/90 mm 
Hg), afebrile, and weighed 57.5 kg. 

Except for an electrocardiogram, which revealed 
ischemic changes of indeterminate age, there was no 
further evidence of systemic disease. She had never 
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been anesthetized. Premedication was 5 mg oral 
diazepam 2 h before the procedure. 

Induction of anesthesia after 3 min of preoxygen- 
ation was monitored with an electrocardiogram, an 
automated sphygmomanometer, and pulse oximetry. 
The patient’s heart rate immediately before induc- 
tion was 72 beats/min, her blood pressure was 
191/106 mm Hg, and her oxygen saturation was 97%. 
Glycopyrrolate, 0.2 mg, was administered via an 
in-dwelling cannula. A minute later blood pressure 
was 210/116 mm Hg, and heart rate was unchanged. 
One milligram of alfentanil was then administered 
over 10 s while preoxygenation was continued. Ap- 
proximately 1 min after this, the pill-rolling tremor of 
the hands markedly increased and the patient raised 
both arms, apparently involuntarily. This progressed 
to total body rigidity with opisthotonus and an ocu- 
logyric crisis with a fixed gaze to her right. 

Communication with the patient was lost and the 
intern at the patient’s head could not prise open her 
mouth due to muscle spasm. The oxygen saturation 
was 96%. There was no clonic activity or incontinence 
simulating a seizure. Intravenous induction of anesthe- 
sia was completed with 14 mg etomidate, and 
28 mg atracurium was administered to facilitate tracheal 
intubation. Ventilation of the patient’s lungs by hand 
using an anesthesia face mask was found to be difficult 
until the onset of paralysis, but the oxygen saturation 
did not decrease below 95% at any time. Her trachea 
was intubated and anesthesia was maintained with 
nitrous oxide in oxygen (FI0,, 35) and 0.8% enflurane. 
Atracurium was administered for muscle relaxation as 
necessary. During the course of the 45-min operation, 
the patient developed ventricular extrasystoles and 
required intervention for both hypertension (isoflu- 
rane) and hypotension (5 mg ephedrine). She recov- 
ered without neurologic deficit. On questioning post- 
operatively, she denied any history of seizures or 
dystonia. 


Discussion 


Movement disorders are an occasional feature of 
induction of anesthesia with alfentanil. This may 
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present as muscle rigidity (3) or as a seizure (4). 
Although similar in many respects to alfentanil- 
induced rigidity, the reaction in this patient differed 
in that the first manifestation was that of worsening 
of her pill-rolling tremor, followed by arm and body 
rigidity with opisthotonus and an oculogyric crisis. In 
contrast, in a study of 10 patients, Benthuysen et al. 
(3) found that on infusing 175 ug/kg of alfentanil over 
1 min, the typical rigidity that was induced resulted 
in atlantooccipital flexion without associated tremor 
or oculogyria. Furthermore, classical opioid-induced 
rigidity is usually dose-related and is only marked at 
higher doses (4). The reaction in our patient also 
differed from the first report of a seizure associated 
with alfentanil (4). In the latter, the patient developed 
coarse jerking rhythmical movements in the absence 
of rigidity. Thus the reaction in our patient was more 
in keeping with an acute exacerbation of parkinson- 
ism. 

Parkinson’s disease is due to a selective dopamine 
deficiency in the putamen and caudate nucleus of the 
basal ganglia (5). Therapy usually includes levodopa 
and anticholinergic drugs. These were contraindi- 
cated in this patient as they have the potential for 
worsening acute angle glaucoma. It is conceivable 
that the absence of this therapy could have made her 
more susceptible to extrapyramidal reactions from 
antidopaminergic drugs. 

Investigations in animals suggest that opioids in- 
teract with the dopaminergic nigrostriatal system. 
Puri et al. (1) have, for example, shown in rats that 
the acute effect of morphine both neurochemically 
and behaviorally resembles the dopaminergic block- 
ing action of haloperidol. Morphine has also been 
shown to inhibit the release of striatal dopamine in 
vitro (6). 

Wand et al. (7) suggest that this morphine-induced 
inhibition of dopaminergic transmission is presynap- 
tic in nature; Hirschhorn et al. (8) implicate a postsyn- 
aptic action. It is interesting that the opioid-induced 
rigidity and catalepsy in the rat model of Wand et al. 
(7) was reversed by the administration of levodopa. 

This is the first report of the acute exacerbation of 
parkinsonism associated with the use of alfentanil. 
Because morphine has antidopaminergic actions, and 
because alfentanil (like morphine) is a p-receptor 
agonist (9), it is conceivable that alfentanil could have 
precipitated this reaction through an inhibition of 
dopaminergic transmission in the basal ganglia. 

That alfentanil precipitated this reaction is sup- 
ported by the very close temporal relationship to its 
administration. It is unlikely that glycopyrrolate can 
be implicated because this drug does not cross the 
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blood-brain barrier (10) and would improve rather 
than worsen the parkinsonism. 

The patient was also given diazepam as premedi- 
cation as well as the nonsteroidal analgesic di- 
clofenac. Diazepam, if anything, would have allevi- 
ated the reaction. There are sporadic reports of 
extrapyramidal side effects with nonsteroidal antiin- 
flammatory drugs (11,12). It is unlikely that di- 
clofenac, administered the previous evening, could 
be implicated directly. However, there is a potential 
for a transiently higher free fraction of alfentanil in 
the presence of both diclofenac and diazepam due to 
their strong plasma protein binding. 

In summary, we have described a patient with 
untreated Parkinson’s disease who developed an 
acute dystonic reaction after alfentanil administra- 
tion. Animal experiments indicate that this reaction 
may be due to opioid-induced decreased central 
dopaminergic transmission. This case report suggests 
caution in the administration of opioids to such 
patients and the need for optimal control of parkin- 
sonism preoperatively. 





The author thanks both Dr. A. H. Robins and Professor M. F. M. 
James for their helpful comments. 
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Venous air embolism is a well-known risk of central 
venous catheter placement in critically ill patients. 
However, clinicians may not be aware that venous air 
embolism can also occur after removal of a central 
venous line. Described in the following two case 
reports are what are believed to be episodes of air 
embolism after removal of central lines. 


Case 1 


A 77-yr-old woman was admitted to St. Luke’s Hos- 
pital for repair of an abdominal aortic aneurysm. A 
balloon-tipped, flow-directed pulmonary artery cath- 
eter was inserted using a Cordis sheath in the right 
internal jugular vein after the induction of general 
anesthesia. She then underwent uneventful repair of 
the aneurysm and was transferred out of the surgical 
intensive care unit on the second postoperative day 
after an uneventful course in the unit. At the time of 
transfer the pulmonary artery catheter was removed, 
but the Cordis sheath was left in place. On the fourth 
postoperative day the Cordis sheath was removed 
and a dressing of povidone-iodine ointment and 2 X 
2 gauze was placed over the wound with a single 
strip of adhesive tape. Approximately 15 min after 
the Cordis sheath was removed, she walked to the 
bathroom, and within moments of standing she com- 
plained of feeling dizzy. When she returned from the 
bathroom the nurse helping her reported that she 
suddenly collapsed onto the bed and became unre- 
sponsive to verbal queries, although she had her eyes 
open. On telemetry monitoring she was found to 
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have a sudden increase in heart rate from 85 to 
120-130 beats/min, and her blood pressure increased 
from 120/80 to 190/95 mm Hg. After 2 min the episode 
resolved. Arterial blood gas tensions while breathing 
with 4 L/min oxygen flowing through a nasal cannula 
showed a decrease in Pao, from 80 mm Hg that 
morning to 42 mm Hg immediately after the episode. 
A chest radiograph was unchanged from the morning 
film, revealing only a small area of atelectasis in the 
left base. A pulmonary ventilation/perfusion scan 
and pulmonary angiogram were done; they revealed 
no evidence of pulmonary embolus. The hypoxemia 
resolved with 50% oxygen by mask, and she was 
monitored in the intensive care unit overnight. The 
patient made an uneventful recovery and was dis- 
charged home several days later. 


Case 2 


A 67-yr-old man was admitted to St. Luke’s Hospital 
for chemotherapy for metastatic squamous cell carci- 
noma of the larynx. Because the intervals between 
chemotherapy courses were 2-3 mo, a central venous 
catheter was placed each time he came in for treat- 
ment. On this admission a triple-lumen central 
venous line was placed in the left internal jugular 
vein. He completed a 10-day course of chemotherapy 
without incident, and on the day before discharge the 
catheter was removed. A dressing of gauze and 
adhesive tape was placed over the wound after the 
nurse exerted pressure on the area for 10 min. Imme- 
diately after the dressing was applied, the patient sat 
up in a chair, and within 2 min he complained of 
feeling dizzy. He was promptly placed back into bed. 
However, by that time he had suffered a cardiac 
arrest from which he could not be resuscitated. 
Permission for an autopsy was not granted. 


Discussion 


The relationship of both episodes related above to the 
prior removal of a central venous catheter suggests 


that the direct cause of each event was the entrain- 
ment of air through the tract formed by the device. In 
the first patient, pressure had been applied to the site 
for 10 min, and there was no bleeding noted when 
the dressing was applied; but when the patient 
became unresponsive blood was seen oozing from 
the site. Myocardial ischemia and infarction were 
excluded by serial electrocardiograms and by normal 
serum levels of cardiac enzymes; a neurologic con- 
sultant also found no evidence for cerebral vascular 
insufficiency. Because her symptoms and hypoxemia 
were compatible with pulmonary thromboembolism, 
this etiology was pursued, but no evidence for an 
embolus could be found within 34 h of the event. 
The most likely explanation for the event in light of 
the fact that other possible etiologies were excluded is 
air embolism that dissipated by the time the pulmo- 
nary angiogram was done. The second patient had no 
history of cardiac disease and was clearly not in a 
terminal state, but because he was not being moni- 
tored at the time the catheter was removed other 
causes of sudden cardiac arrest cannot be ruled out: 
Nevertheless, it is noteworthy that both patients had 
assumed an upright position after removal of a cen- 
tral venous catheter, and both patients were slightly 
dehydrated on clinical examination before these re- 
ported incidents. 

Air embolism occurs when the pressure in a vein 
open to air decreases below atmospheric pressure. 
These conditions are met during craniotomy in the 
sitting position, when the level of the venous chan- 
nels in the skull and dural sinuses are above the level 
of the heart. This situation also occurs during inser- 
tion of vascular catheters in the large veins of the 
neck. During the insertion of a noncollapsible cathe- 
ter open to air, deep inspiration by the patient causes 
the intrathoracic pressure to decrease below ambient 
pressure, thus entraining air through the catheter (1). 
It is possible that this mechanism was responsible for 
air embolism in these patients because each had a 
catheter in place long enough for a fibrinous tract to 
form that could remain open after the removal of the 
device. Additionally, maneuvers such as coughing or 
straining that would increase the venous pressure 
immediately after the removal of a catheter might 
dislodge freshly formed clot, allowing the tract to 
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reopen on the vascular side. The lack of a dressing 
impermeable to air would allow air to be entrained 
through a tract during inspiration, when the venous 
pressure would fall, particularly in dehydrated pa- 
tients, if dot from the site had been dislodged. 

Indeed. this complication of central venous cathe- 
ter removal has been reported twice before (2,3). The 
patients in both reports had episodes similar to those 
reported here. In both cases the authors point out 
that the catheters were removed when the patients 
were in an upright position, and neither patient had 
an occlusive dressing applied. One patient suffered a 
cardiac arrest and was left in a permanent vegetative 
state (3); the other patient developed pulmonary 
edema secondary to pulmonary air embolism and 
subsequently recovered (2). 

Becaus2 the outcome of inadvertent venous air 
embolism associated with the removal of a central 
venous catheter can be disastrous, if not fatal, we 
wish to alert anesthesiologists and other physicians 
who use these devices to this potential complication. 
Although measures to prevent air embolism are com- 
monly taken during insertion of a catheter by use of 
Trendelenburg’s position and having the patient 
breath-hold during passage of the guidewire, we 
wish to stress that similar measures should accom- 
pany the removal of the catheter. Because of the two 
cases described here, we have instructed the nurses 
at our hospital to remove central lines with the 
patient in the supine position, place an occlusive 
dressing over the site, and then keep the patient at 
bed rest for 1 h. With proper attention to detail, 
venous air embolism should be an entirely avoidable 
complication of central line placement and removal. 
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Letters to the Editor 


Is Observing the Patient a Thing of 
the Past? 


Key Words: MONITORING, PATIENT OBSERVATION. 


To the Editor: 


I believe an oversight in the letter by Sosis and Sisamis (1) 
highlights one of the major concerns those of us who have 
practiced anesthesia and trained residents over a period of 
many years have. That is, we now have a specialty that has 
lost sight of the fact that monitors are merely extensions of 
our senses. Nowhere in the letter is any mention made of 
watching the chest move and using the precordial stetho- 
scape to listen for breath sounds. No one would argue 
against the fact that in the patient with a large barrel chest, 
massive obesity, etc., it may be extremely difficult to 
determine whether an endotracheal tube is in the trachea or 
esophagus. On the other hand, I contend that in the vast 
majority of patients (and probably in Dr. Sosis’ patient as 
well) a quick look at the chest would have revealed the 
correct placement of the tube earlier than the desaturation 
recorded by the pulse oximeter. I have personally watched 
a resident extubate an intubated patient on the basis of no 
carbon dioxide wave form on a capnograph. The patient’s 
chest was moving well, but the capnograph had not been 
placed within the breathing circuit. 

I would like to emphasize that I am in absolute agree- 
ment with those that suggest that capnography and pulse 
oximetry are invaluable aids to the conduct of anesthesia 
and give insights into, and early warnings of, many of the 
critical incidents that occur during anesthesia. I also, how- 
ever, believe that they have been a two-edged sword 
because they have increased dramatically the tendency to 
rely on monitors rather than observe patients closely, and 
have led to delays in diagnosis and treatment of some 
problems while the determination is made whether it is a 
patient problem or monitor failure. One need only read 
Arthur Keats’ superb article (2) to get a further feel for the 
problem I am addressing. 

I am not suggesting that Dr. Sosis did not look for 
movement of the chest. I am only pointing out that his 
letter, which discusses confirmation of correct placement of 
an endotracheal tube, does not even mention this or any 
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other clinical sign used to detect correct endotracheal tube 
placement. 

The whole issue of where monitors fit into the diagnostic 
process requires careful reevaluation by the specialty. Is 
observing the patient a thing of the past? I hope not. 


Gerald Edelist, MD, FRCP(C) 
Department of Anaesthesia 
University of Toronto 

Room 132, Fitzgerald Building 
150 College Street 

Toronto, Ontario MSS 1 A8 
Canada 
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In Response: 


I wish to thank Dr. Edelist for his interest in our report 
“Pulse Oximetry in Confirmation of Correct Tracheal Tube 
Placement” (1). Our aim in presenting this information was 
to point out that although capnography has been touted as 
the best way to distinguish between tracheal and esopha- 
geal placement of an endotracheal tube, it too may fail. This 
is important because undetected esophageal intubation is 
life-threatening. We believe that careful auscultation, ob- 
servation, and use of instrumentation (i.e., capnography 
and pulse oximetry) are all necessary to verify that endo- 
tracheal tube placement is correct. 

The observation of the anesthetized patient using the 
anesthesiologist’s own sensory modalities and the informa- 
tion provided by modern instrumentation is the foundation 
of our specialty and cannot be stressed too much. We 
would certainly be remiss if we suggested otherwise. 


Mitchel B. Sosis, MD, PhD 

Department of Anesthesiology 

Rush Presbyterian-St. Luke's Medical Center 
Chicago, IL 60612 
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A Case for the Removal of the 
Retained Intrathecal Catheter 


Key Words: ANESTHETIC TECHNIQUES, 
SPINAL—continuous. COMPLICATIONS, 
RETAINED CATHETER. 


To the Editor: 


We were recently faced with a retained spinal catheter that 
we found needed to be surgically removed. 

The patient was a 21-yr-old woman who had undergone 
an anterior-posterior spinal fusion. A 27-gauge spinal cath- 
eter was placed intraoperatively and was tunneled subcu- 
taneously so as to exit through the skin 4 cm from the 
midline. Intrathecal morphine was injected through the 
catheter after free aspiration of cerebrospinal fluid. Excel- 
lent postoperative analgesia was achieved by intermittent 
intrathecal injections of morphine. After the final injection, 
the catheter could not be removed by gentle traction. 
Fluoroscopy, after the injection of a small amount of 
metrizomide through the catheter, showed it clearly to be 
in the intrathecal space, but taking a tortuous course 
around the spinal rods. A more forceful attempt to with- 
draw the catheter caused it to snap off at the skin, and 
approximately 6 cm of the catheter retracted below surface 
level. The patient was initially managed expectantly. There 
remained concern, however, that the catheter could act as a 
wick to drain cerebrospinal fluid. Additionally, because of 
the proximity of the catheter to the surgical hematoma, a 
wound infection might extend intrathecally, On the fourth 
postoperative day, the patient underwent a small explora- 
tion of the most distal area of the wound. The catheter was 
found to be wrapped 270° around one of the spinal rods 
and was easily removed. The remainder of the hospital 
course was uncomplicated. The patient had no infectious or 
neurologic sequelae either from the presence of the catheter 
in the subarachnoid space for 2 days or from its removal. 

There is a paucity of reports of retained intrathecal 
catheters (1). As the use of intrathecal catheters increases 
(and the diameter decreases) (2), the risk of this potential 
complication increases. Whether a retained intrathecal 
catheter always needs to be removed is debatable (3), if, 
however, the retained catheter is near the surgical incision, 
its removal may be warranted to avoid a potential neuro- 
logic intrathecal spread of infection via the catheter tract in 
the event of a wound infection. 


Carol A. Pasquariello, MD 
Department of Anesthesia and Critical Care 
St. Christopher's Hospital for Children 
Front Street at Erie 

Philadelphia, PA 19134 


Randal R. Betz, Mp 

Department of Orthopedic Surgery 
Temple University School of Medicine 
Philadelphia. PA 19133 
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Blood Pressure Values in 
Parturients: Auscultatory Versus 
Oscillatory Values 


Key Words: ANESTHESIA, ossterricat—blood 
pressure. BLOOD PRESSURE, OBSTETRICAL. 


To the Editor: 


Blood pressure (BP) values obtained by the Riva-Rocci 
auscultatory method are not identical with those observed 
with the oscillatory method. Weaver et al. (1), in 381 
children aged 10-13 yr, found that oscillatory systolic 
pressures were 5-8 mm Hg higher than the auscultatory 
values, whereas diastolic pressures were 8-9 mm Hg lower. 
The significance of these differences in parturients has not 
been ascertained. With permission of our Committee on 
Clinical Investigations, a study was initiated comparing, in 
term parturients in labor, the results of the auscultatory 
method with those that measure BP based on an oscillatory 
method. (The need for written informed patient consent 
was waived by the Committee on Clinical Investigations.) 
We used a Dinamap monitor model 1846 SX (Criticon Inc., 
Tampa, Fla.), the calibration of which had been tested by 
our Bioengineering Department and found to be accurate 
according to the manufacturer’s specifications (2). Minor 
rearrangement of the tubing of the Dinamap device per- 
mitted use of the same cuff for auscultatory measurement 
of BP too. An interval of at least 2 min separated the 
measurements, with the auscultatory method preceding 
the oscillatory. The measurements, always made in the 
absence of uterine contractions, were repeated twice within 
20 min. 

The findings in the first 12 parturients studied (four in 
early labor, eight in advanced labor) are sufficiently perti- 
nent to warrant a preliminary report. In all 12 women, 
systolic pressures were always higher and diastolic pres- 
sures were always lower with the Dinamap monitor than 
they were with the auscultatory method both before and 
after institution of lumbar extradural analgesia. The differ- 
ences ranged from 5 to 18 mm Hg (mean, 10.2 + 3.7 mm 
Hg) in systolic pressure and from 4 to 14 mm Hg (mean, 
9.9 + 3.0 mm Hg) in diastolic pressure. The differences in 
auscultatory pressures between two observers (D.R.S. and 
S.1.W.) were 0-2 mm Hg. A representative case was that of 
a healthy 21-yr-old primigravida in early labor who devel- 
oped vena cava compression syndrome when lying su- 
pine in bed. With the auscultatory method, her BP was 
90/68 mm Hg witha calculated mean pressure of 75 mm Hg; 
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with the Dinamap monitor, the BP was 108/62 mm Hg with 
a mean of 80 mm Hg. 

In normotensive parturients, based on auscultatory 
measurements, hypotension has been defined as a systolic 
pressure below 100 mm Hg (3,4). According to our find- 
ings, this definition must be revised when an automated BP 
device is employed. 


Gertie F. Marx, MD 

David R. Sofair, MD 

Scott I. Winikoff, MD 
Department of Anesthesiology 
Albert Einstein College of Medicine 
1300 Morris Park Avenue 

Brcnx, NY 10461 
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A Simple Device to Monitor 
Neuromuscular Blockade 


Key Words: MONITORING, NEUROMUSCULAR 
FUNCTION. NEUROMUSCULAR TRANSMISSION, 
MONITORING. 


To the Editor: 


Widespread use of neuromuscular blocking agents during 
general anesthesia has made monitoring of the degree of 
muscle blockade an inherent part of è safe anesthetic 
management (1-3). Surface stimulation of the ulnar nerve 
allows the measurement of the adduction of the thumb by 
a force displacement transducer or an accelograph. Unfor- 
tunately, impracticality and high cost may preclude their 
routine use under clinical conditions. 

We have designed a simple apparatus to monitor neu- 
romuscular blockade—one that is easy to set up from 
common devices found in the operating room and that 


LEAD II .5 cm/myv 


__BP2__SYS/MEAN/DIA 








14:38:33 H RATE 75 


ANESTH ANALG 563 
1991;72:561-7 





Figure 1. A plastic blood gas syringe filled with 3 mL of normal 
saline is connected to a pressure transducer system. A three-ring 
hand-piece of a 10-mL centrol syringe is mounted on the blood gas 
syringe and placed between the thumb, index finger, and middle 
finger. Velcro bands are glued to the half-cut rings to fit different- 
sized fingers. 


displays the force of contraction of the adductor pollicis 
muscle on a monitor screen, thereby providing an objective 
method for measurement of the T4/T1 ratio. 

Force displacement of the adductor pollicis muscle is 
transmitted to a 3-mL plastic blood gas syringe (pulsator R, 
Concord Laboratories, Keene, N.H.) mounted with the 
three-ring hand-piece of a 10-mL Control Syringe (Becton 
Dickinson, Rutherford, N.J.) (Figure 1). To secure its place- 
ment between the -humb, index, and middle fingers, the 
rings of the hand-piece may be partially cut and straps of 
Velcro or elastic band may be glued or taped to achieve a 
better fit for different sizes. The fluid-filled syringe is 
connected to a monitor via a standard transducer system. 

On stimulation of the ulnar nerve, muscle contraction 
may be observed on the monitor screen or registered on 
standard strip-chart paper (Figure 2), thereby facilitating 
the measurement or the T4/T1 ratio in the train-of-four. 

In our department we have used this neuromuscular 
function monitoring device during hundreds of general 
anesthesia cases, particularly when access to the patient's 
head or arms is difficult. We noticed that with multiple 
measurement and a slight change in the position of the 
svringe, the tracing may not return to baseline, which 


Figure 2. Force displacement of the adductor pollicis is transmit- 
ted to a monitor and reg:stered on standard strip-chart paper. 
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necessitates re-zeroing of the pressurized system. This 
precludes the assessment of the initial simple twitch height, 
but the T4/T1 ratio remains unchanged, which constitutes a 
more accurate and reproducible measure of the degree of 
the neuromuscular blockade. 


E. Alan Moretti, MD 
Ronald Cardoso, MD 
Mehrdad Rafizadeh, MD 
Robert Ciolino, MD 
Department of Anesthesiology 
Saint Barnabas Medical Center 
Old Short Hills Road 
Livingston, N] 07039 
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Just the Fax, Ma'am 


Key Words: ANESTHESIA, PREOPERATIVE 
EVALUATION. 


To the Editor: 


Anesthesiologists who practice at referral centers are at a 
disadvantage trying to obtain meaningful data from medi- 
cal records when their patients are referred from elsewhere. 
Frequently, complicated patients arrive without even a 
written summary of any evaluation. 

We describe a recent situation in which a facsimile 
(“fax”) machine was used to determine the advisability of 
surgical intervention in one patient. 

A 77-yr-old woman was referred to our center for 
laryngoscopy, bronchoscopy, and esophagoscopy because 
esophageal obstruction had developed 3.5 wk after resec- 
tion of a Zenker’s diverticulum elsewhere. She had no 
history of cardiovascular disease. Physical examination 
revealed an anxious woman apparently in her 70s, with 
blood pressure of 170/120 mm Hg and heart rate of 80 
beats/min, who was otherwise unremarkable. Electrocar- 
diogram showed 3-mm Q-waves in leads H, HI, and aVF, 
but it was otherwise unremarkable. 

We asked two records department staffers at referring 
hospitals to “fax” all old electrocardiograms from the pa- 
tient’s records. We determined that changes indicative of 
an inferior myocardial infarction had occurred sometime 
from 2 to 15 mo before admission. Consultant cardiologists 
believed that the 2-mo-old electrocardiogram displayed 
changes in anterior leads that strongly suggested acute 
infarction. The procedure was postponed and the patient 
was referred for further evaluation and treatment of hyper- 
tension and coronary artery disease. 

Delaying elective surgery after myocardial infarction 
may significantly reduce the incidence of perioperative 
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reinfarction (1-4) and the tremendous morbidity and mor- 

tality associated with it. Applying the “fax,” we were able 

to diagnose a recent, probably silent, infarction, We thus 

helped reduce the risk of an anesthetic for this patient. 
We recommend installing a facsimile machine in a work 

station near the operating room for management of similar 

cases. 

Francis X. Dillon, MD 

Nancy Zinni, MD 

Mary Glass, BS 

Department of Anesthesia 

Fesler Hall 204 

Indiana University School of Medicine 

1120 South Drive 

Indianapolis, IN 46202-5115 
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A Safer Continuous Lumbar Plexus 
Block Technique? 


Key Words: ANESTHETIC TECHNIQUES, 
REGIONAL—lumbar plexus block. 


To the Editor: 


I read with interest the case report by Ben-David and 
colleagues in which they describe a “continuous” lumbar 
plexus nerve block (1). The authors used a unique sheathed 
needle system and nerve stimulator to locate the nerves of 
the lumbar plexus and to place a catheter into the “psoas 
compartment” (a potential space between the quadratus 
lumborum and psoas muscles; see Figure 1). A local anes- 
thetic solution was intermittently injected through the 
catheter to provide surgical anesthesia and postoperative 
analgesia. A posterior paravertebral approach similar to the 
single injection techniques described by Chayen and Par- 
kinson was used (2,3). 

A catheter technique for lumbar plexus block was first 
described by Brands and Callanan (4). Local anesthetics 
were injected intermittently to supplement general anes- 
thesia and to provide postoperative analgesia. We modified 
the Brands technique to provide postoperative analgesia 
after hip and knee surgery (5,6). Our initial management 
was similar to that described by Ben-David et al. placement 
of the catheter followed by intermittent injections of an 
amide-type local anesthetic. Our technique has, however, 
undergone evolution during the past 2 yr (approximately 
150 nerve blocks), and we wish to report the change in our 
practice. 
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Figure 1. Lumbar plexus block. The lumbar plexus lies between 
the quadratus lumborum and psoas muscles. Shown are (1) the L-5 
vertebral body; (2) spinal cord; (3) psoas major muscle; (4) lumbar 
plexus; and (5) quadratus lumborum muscle. (Reprinted with 
permission from Miller RD, ed. Anesthesia. 2nd ed. Volume 2. 
New York: Churchill Livingstone, 1986:1037.) 


We have abandoned intermittent injections of long- 
acting amide-type local anesthetics in favor of a continuous 
infusion of 1% chloroprocaine for several reasons: (a) an 
ester-type local anesthetic may pose a lower risk of systemic 
toxicity because it is rapidly metabolized in the plasma; (b) 
the high peak plasma concentrations attained after inter- 
mittent boluses of local anesthetic (and attendant risk of 
toxicity) are avoided; (c) continuous infusion of local anes- 
thetic provides continuous analgesia; and (d) use of a 
short-acting local anesthetic permits quick reversal of drug 
effect should neurologic examination of the extremity be 
required. 

Minimizing the risk of systemic local anesthetic toxicity 
is particularly important if the catheters are “topped up” in 
unmonitored patient rooms. Ben-David and associates 
warn that “only qualified personnel [should] inject local 
anesthetic solution into the catheter” (1). Although the risk 
of toxicity is not eliminated by our technique, I believe that 
it is much less likely to occur. In addition to the safety 
advantages, our technique provides continuous patient 
comfort and may extend the theoretical advantages of 
regional sympathectomy into the postoperative period. 
George W. Rung, MD 
Department of Anesthesia 
Pennsylvania State University College of Medicine 
P.O. Box 850 
Hershey, PA 17033 
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Single-Bolus Injection of 
Esmolol for Treatment of 
Intraoperative Tachycardia 


Key Words: SYMPATHETIC NERVOUS SYSTEM, 
PHARMACOLOGY—esmolol. 


To the Editor: 


The use of a single intravenous (IV) injection of esmolol (50, 
80, and 100 mg) has recently been described by Gold et al. 
to treat intraoperative tachycardia (1,2). We present a case 
of severe bradycardia and hypotension secondary to a 
single-bolus IV injection of esmolol (20 mg) during mainte- 
nance of anesthesia. A 69-yr-old, 68-kg woman was sched- 
uled for elective surgery. The preoperative evaluation was 
unremarkable. The electrocardiogram showed normal si- 
nus rhythm and a preinduction heart rate of 85 beats/min. 
Thiopental, 4 mg/kg IV, was used for induction of anesthe- 
sia with 0.1 mg/kg IV vecuronium to facilitate tracheal 
intubation. Anesthesia was maintained with oxygen and 
isoflurane at 1.5% end-tidal concentrations. About 10 min 
after induction and intubation, the patient developed a 
tachycardia at 120 beats/min for more than 10 min, with 
a blood pressure of 160/80 mm Hg. Esmolol, 20 mg 
(0.29 mg/kg) IV, was administered for treatment. The heart 
rate decreased to 40 beats/min, and blood pressure de- 
creased to 85/50 mm Hg. The concentration of isoflurane 
was reduced, and within 5 min the heart rate had returned 
to 85 beats/min and blood pressure to 115/70 mm Hg. No 
ischemic changes were seen on the electrocardiogram, and 
postoperative electrocardiogram and neurologic examina- 
tion were unremarkable. 

The dosage of esmolol recommended by the Food and 
Drug Administration for treatment of tachycardia in nonan- 
esthetized patients is 0.5 mg/kg IV over 1 min. This may be 
excessive in anesthetized patients. The incidence of symp- 
tomatic hypotension and bradycardia in awake patients has 
been reported to be as high as 13% with this dosage. The 
dose we used, 20 mg, is considerably less than the dose 
recommended by the studies by Gold et al. The authors 
reported a mean 20%-24% decrease in heart rate in both 
studies, but individual patients may have had a greater 
response than was apparent from the group data. Blood 
pressure was reported as not a problem in their studies. 
Our patient had a 67% reduction in heart rate and a 40% 
reduction in blood pressure. The possible reasons for this 
profound response are multiple, but there was no evidence 
of hypoxemia, hypercarbia, or hyperkalemia on blood gas 
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analysis. Pulse oximetry and end-tidal carbon dioxide had 
been in the expected range. Our patient showed no clinical 
evidence of hypovolemia during the perioperative course. 
The vial and syringe were rechecked for correctness of 
dosage and content. The study by Gold et al. used nitrous 
oxide, oxygen, and isoflurane. Vecuronium was used if 
muscle relaxation was needed after intubation. Our patient 
was intubated, and anesthesia had been maintained for 
over 10 min with isoflurane with a heart rate >95 beats/min 
(220% of baseline) and a systolic blood pressure 
>140 mm Hg. 

The dose and techniques recommended by Gold et al. 
mav be excessive when used for the treatment of intraop- 
erative tachycardia during maintenance of anesthesia in 
some patients, perhaps especially in the elderly. Personal 
experience in 12 anesthetized patients (ages 23-79 yr) has 
demonstrated that a much lower initial dose, i.e., 
0.15 mg/kg (approximately 10 mg/70 kg) IV, is often ade- 
quate. If tachycardia persists, the same dose is repeated in 
60 s. This technique allows rapid control and the conve- 
nience of bolus injection and may avoid profound brady- 
cardia and hypotension. 


Steven R. Ford, MD 
Department of Anesthesiology, E-91 
University of Texas Medical Branch 
Galveston, TX 77550-2778 
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Insulated Circuit Hose Improves 
Heated Humidifier Performance in 
Anesthesia Ventilation Circuits 


Key Words: HUMIDIFICATION, INSULATED CIRCUIT 
HOSES. EQUIPMENT, INSULATED CIRCUIT HOSES. 


To the Editor: 


Tracheal intubation bypasses the upper airway, and, unless 
inspired gases are heated and humidified, complications 
such as heat loss, impaired mucociliary function, and 
damage to ciliated epithelium may result (1-3). To alleviate 
these complications, heated humidifiers have been em- 
ployed in breathing circuits. We have observed that much 
of the heat and humidity provided is lost from the circuit 
hoses as the gases are conducted to the patient. This creates 
a large thermal gradient between the humidifying unit and 
the circuit Y-piece such that the humidifier unit is incapable 
of delivering gases to the patient at the selected tempera- 
ture (37°-40°C) despite hazardously high water bath tem- 
peratures (up to 85°C). To reduce the thermal gradient, we 
constructed an insulated ventilation circuit hose by wrap- 
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Figure 1. Forty-eight-inch polypropylene ventilation hose ther- 
mally insulated with orthopedic cast padding. 


ping a 48-.n corrugated polypropylene ventilation hose 
(Item #908606, Dryden Corporation, Indianapolis, Ind.) 
with 4-in o-thopedic cast padding (Figure 1). 

To test the improved hose, we incorporated it into the 
inspiratory limb of a semiclosed circle circuit (Narkomed II, 
North American Drager, Telford, Pa.) equipped with a 
servo-controlled heated chamber humidifier (model 
MR45), Fischer and Paykel, Pharmaseal Co., Valencia, 
Calif.). A 2-L ventilation bag was attached to the circuit 
Y-piece to zake the place of a patient. The servo tempera- 
ture sensor and a recording thermometer were placed at the 
patient Y-piece. With all circuit and humidifier components 
at room temperature, the humidifier was turned on and the 
servo temperature control was set at either 37.0 or 40.0°C. 
Ventilation (fresh gas flow = 1 L/min, rate = 7 breaths/min, 
tidal volume = 1.0 L) and recording of temperatures were 
initiated and continued until the gas temperature at the 
Y-piece remained stable (+0.2°C) for a period of 20 min 
(plateau temperature). Five trials were performed at each 
temperature setting (37.0 and 40.0°C) for the insulated and 
uninsulated ventilation hoses. Plateau temperature and 
rate of gas temperature rise were analyzed using unpaired 
two-tailed :-analysis with P < 0.05 considered to be signif- 
icant. 

There were no significant differences between room or 
starting humidifier bath/airway temperatures. The temper- 
ature of the Y-piece gas in the uninsulated inspiratory limb 
circuit never achieved the target temperature set on the 
servo heater unit (37.0 or 40.0°C) as the mean plateau 
temperatures achieved were 32.4 + 0.9°C (sp) and 32.7 + 
1.0°C, respectively. With the insulated inspiratory limb 
hose, gas temperatures at the Y-piece consistently attained 
and plateaued within +0.2°C of the servo heater unit 
temperature setting (37.1 + 0.2°C and 40.0 + 0.1°C, respec- 
tively). Additionally, the time required to reach plateau 
temperature was significantly less (~35%, P < 0.05) at both 
the 37.0 and 40.0°C settings. 

The current remedy to the problem of circuit hose heat 
loss has been the addition of servo-controlled heated wires 
within the ventilation tubing (4). This requires a complex 
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and expensive humidifier heater unit ($1400 for a unit with 
heated wire capability vs $600 for one without [5]) as well as 
cleaning and disinfection of the nondisposable ($50 per set) 
heating wires. The cost of the disposable orthopedic felt to 
insulate one 48-in ventilation hose is approximately $0.50. 

The insulated ventilation hose economically improves 
the performance of the servo-controlled heated humidifier 
as evidenced by the rapid achievement and stable mainte- 
nance of set temperature. We recommend that the inspira- 
tory limb ventilation hose be insulated whenever a servo- 
controlled flow-over heated humidifier is used. 


Alan R. Mizutani, MD 

George Ozaki, AS 

Ronald Rusk, As 

Department of Anesthesiology 

University of California, San Diego Medical Center 
San Diego, CA 92103 
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Leakage of Anesthetic Agent From 
an Ohmeda Tech IV Vaporizer 


Key Words: EQUIPMENT, VAPORIZERS. 


To the Editor: 


On many occasions, we have observed leakage of anes- 
thetic agent from the drain port of the Ohmeda Tech 4 
vaporizer. Apparently, these leaks have been caused by 
inadvertent loosening of the drain plug (a screw that fits 
snugly into the drain, Figure 1) as the filler cap is being 
removed to allow addition of anesthetic to the vaporizer; 
only a few degrees rotation of the plug can lead to a loss of 
liquid agent. 

Usually, the problem manifests as a slow drop-by-drop 
leak of agent onto the anesthesia machine table top. How- 
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FILLER CAP 


Figure 1. Ohmeda Tech IV Vaporizer with filler cap removed to 
show drain plug. 


<> Filler Cap 


Cf Drain Plug 


If there is an agent leak 
tighten drain plug 
under filler cap. 


Figure 2. Precautionary label for Ohmeda Tech IV Vaporizer. 


ever, the agent may also be emitted as a spray when the 
vaporizer is turned on. Obvious adverse consequences of 
such leaks include unnecessary exposure of personnel to 
anesthetic vapors, loss of expensive agent, unanticipated 
loss of anesthetic from the vaporizer, and damage to items 
on the table top. 

Thus, we have placed precautionary labels (Figures 1 
and 2) prominently on our Ohmeda Tech 4 vaporizers to 
alert the user to this potential problem. 


Donald B. Goldman, Bs 
Phillip S. Mushlin, MD, PhD 
Department of Anesthesia 
Harvard Medical School 

Brigham and Women's Hospital 
Boston, MA 02115 
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Book Reviews 





Treatment of Chronic Pain: Possibilities, 
Limitations and Long-Term Follow-up 

M. Mumenthaler, P. A. Van Zwieten, and J. M. Farcot, 
eds. New York: Harwood Academic Publishers, 1990, 
337 pp, $56.00. 


The last 18 months have witnessed the publication of many 
texts on the subject of pain management. These texts have 
explored the indications and applications of a variety of 
pain management techniques with less than 10% of the text 
devoted to the side effects, complications, and long-term 
results of the pain management techniques they discussed. 
Treatment of Chronic Pain: Possibilities, Limitations and Long- 
Term Follow-up is the first text to focus on these often 
underemphasized pitfalls. The text is edited by a multidis- 
ciplinary team consisting of an anesthesiologist, a neurolo- 
gist, and a pharmacologist. 

The first two sections address the side effects and 
limitations, as well as the long-term follow-up, of the 
pharmacologic management of headaches and painful pe- 
ripheral neuropathies. Section 3 provides an excellent re- 
view of such topics as the adverse renal effects of nonopiate 
analgesics, long-term side effects of nonsteroidal antiin- 
flammatory drugs, immediate and delayed risks of intraar- 
ticular steroids, and the use of steroids in postherpetic 
neuralgia. 

Section 4 reviews the adverse effects of psychotropic 
drugs commonly used in pain management. The side 
effects of the minor and major tranquilizers, as well as 
antidepressants, are discussed. An interesting chapter on 
the chronopharmacology and chronotherapy of antidepres- 
sant and antiepileptic drugs is presented. 

Section 5 addresses the less common side effects of 
neural blockade, including nerve injury and complications 
following neurolytic sympathetic block, and section 6 cov- 
ers the behavioral modalities commonly employed in pain 
management, including chemical dependence as well as 
the limitations of behavioral techniques, hypnosis, and 
biofeedback. An interesting philosophical chapter on the 
application of the bio-psychosocial model to chronic pain 
nicely rounds out this section. 

Section 7 discusses neurostimulation with an excellent 
chapter on the long-term follow-up of a large number of 
patients who have been treated with deep brain and spinal 
cord stimulation. The final chapter of section 7 provides a 
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concise review of the mechanisms responsible for the 
adverse effects of neurostimulation. 

Section 8 addresses the role and limitation of the neuro- 
surgical treatment of pain and section 9 covers the role of 
systemic, spinal, and ventricular opioids in the manage- 
ment of pain. An excellent overview of the complications, 
failures, and pitfalls of long-term spinal morphine is given. 

Although not comprehensive in scope, this text certainly 
addresses most of the common adverse effects encountered 
in the multidisciplinary practice of pain management. The 
emphasis on complications as well as controlled long-term 
follow-up makes this text useful to the clinician who would 
like to make more informed decisions regarding the risk- 
to-benefit ratio of a given pain management modality. 


Steven D. Waldman, MD 
Pain Consortium of Greater Kansas City 
Leawood, Kensas 





Clinical Neuroanesthesia 
R. F. Cucchiara and J. D. Michenfelder, eds. New York: 
Churchill Livingstone, 1990, 555 pp, $79.00. 


This book is a comprehensive textbook on neuroanesthesia 
that focuses on anesthetic techniques used at the Mayo 
Clinic, with which the editors and contributors have all had 
an association. Despite this bias, the book is comprehensive 
rather than parochial. 

The book is divided into two sections. The first, “Scien- 
tific Foundation,” includes chapters on cerebral blood flow 
and metabolism, cerebral spinal fluid dynamics, intercra- 
nial pressure, electrophysiologic neurologic monitoring, 
and cerebral protection. The chapters on cerebral blood 
flow metabolism and cerebral spinal fluid dynamics are 
unusually good and the chapter on cerebral protection is an 
outstanding and comprehensive synthesis of current con- 
cepts of brain metabolism and damage. The chapter on 
electrophysiologic monitoring suffers from a bias toward 
analogue electroencephalogram recording and provides 
minimal information about the use of the processed elec- 
troencephalogram. 

The clinical chapters, in contrast to the scientific chap- 
ters, are more variable in quality and utility. Some chapters 
are excessively vague, and although they contain a discus- 
sion of the issues, it would be difficult for the inexperienced 
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anesthesiologist to design and conduct an anesthetic based 
on the information provided. Excellent chapters in this 
section include the discussion on ischemic cerebral vascular 
disease and on coma and brain death. The chapter on 
seizure surgery is excessively oriented toward operative 
technique, as is the chapter on stereotactic surgery. Several 
chapters seem out of place in a book on neuroanesthesia, 
including the chapter on neuromuscular disorders and 
muscle relaxants and the chapter on acute and chronic 


In general, this book is well-written though loosely 
edited. Chapter order appears to be arbitrary. There is a 
significant degree of redundancy. However, one benefit of 
this is that the clinical chapters can be read with minimal 
reference to the more basic material. 

Despite these criticisms, this is a good first edition. 
Many of the authors are leaders in. their respective fields. 
This book is highly recommended to residents and practi- 
tioners interested in neuroanesthesia, and many of the 
chapters may help form the knowledge base for further 
advances in this subspecialty. 


David S. Smith, MD, PhD 
t of Anesthesiology 

University of Pennsyloania 

Philadelphia, Pennsyloania - 


Hemorrhagic Disorders 

Anesthesiology Clinics of North America, 
Volume 8, No. 3, 1990 

Bruce D. Spiess, ed. Philadelphia: W.B. Saunders Co., 
1990, 189 pp, $69 (annual subscription for four issues). 


This volume might more appropriately be titled Transfusion 
Medicine in the Operating Room because it covers a much 
broader subject than just hemorrhagic disorders and yet 
does not specifically discuss many hemorrhagic disorders 
such as hemophilia or pregnancy-induced hypertension. I 
considered several practical questions that have been asked 
recently in my anesthesia practice and sought answers in 
this multiauthored series of review articles edited by Bruce 
D. Spiess. 

@ “What do I need to know about the physiology of 
anemia as I allow the patient to become more anemic 
intraoperatively?” Dr. Kenneth J. Tuman provides a 
very succinct and useful discussion of the physiology 
of anemia. He reviews the level of oxygen delivery 
where oxygen consumption becomes supply-depen- 
dent, a relationship termed the critical Do,. Although 
critical Do, is the same whether hypoxic, stagnant, or 
anemic hypoxia is used to reduce oxygen delivery, the 
measured mixed venous pressure of oxygen varies 
significantly in the three states. This concept was 
intriguing to me, and the ensuing discussion of using 
Pvo, to determine transfusion needs will make most 
anesthesiologists reconsider uses of pulmonary artery 
saturation to determine the need for red cells. 
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è “Should I buy a device that measures whole blood clot 
strength (viscoelastic test)?” Dr. Spiess writes that the 
thromboelastogzaph is “a most valuable tool for intra- 
operative coagulation monitoring and management.” 
Although I believe Dr. Spiess is confident of his 
conclusion, his article fails to convince me of the 
usefulness of this test. He does, however, provide 
references that may provide more persuasive material 
on this issue. 

“What do I do about all the abnormal PITs that my 
surgical colleagues want to draw but do not want to 
evaluate further?” Dr. Spiess writes that a screening 
PTT will do very little preoperatively to predict intra- 
operative bleeding. He also notes that there are no 
studies that directly correlate abnormal PT and PITs 
with the quantity of surgical blood loss. In compari- 
son, the latest edition of Miller’s Anesthesia has a large 
table that graphically and comprehensively indicates 
the futility of preoperative PIT monitoring and sup- 
plies the anesthesiologist with information necessary 
to medical practice in this area (1). 

è Fluosol DA, a perfluorochemical emulsion, has not 
arrived in clinical practice. Will other compounds be as 
clinically acceptable as oxygen carriers? Dr. Gerald $. 
Moss and colleagues provide an intriguing review of 
stroma-free hemoglobin and include discussion of 
attempts at polymerizing hemoglobin to reduce colloid 
osmotic pressure. It is reassuring, as in the case with 
Jehovah’s Witness patients, that the medica] commu- 
nities are making an effort to find an alternative to 
blood products. 

In addition, this volume has very useful chapters on 
acute intraoperative hemodilution, perioperative blood sal- 
vage, and autologous transfusion. The final chapter brings 
together the three National Institutes of Health consensus 
development conferences on transfusion medicine and 
provides the best available recommendations on the appro- 
priate use of the most commonly requested blood products. 
If another edition is planned, I would encourage the editors 
to make more use of tables, graphs, and other visual 
displays to aid in understanding and retention. 

I would strongly recommend this volume to educators 
and trainees as a source material for discussions of trans- 
fusion medicine. Practitioners would find that several of 
the chapters mentioned above contain information useful 
to their practice. Dr. Spiess is successful in presenting 
information regarding the science, motivations, and clinical 
growth of operative blood transfusion medicine. 


Carter P. Dodge, MD 
Dartmouth Medical School 
Hanover, New Hampshire 
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The ICU Book 
Paul L. Marino. Philadelphia: Lea & Febiger, 1991, 713 
pp, $39.50. 


This is a different sort of ICU text that occupies a special 
niche somewhere between the cookbook approach of the 
various “pocket” manuals and the weightiness of the 
standard multiauthored text. Most practitioners outgrow 
the “cookbooks” by the end of residency and rely on 
original source material or general medical and surgical 
textbooks rather than ICU texts when confronted by the 
unusual patient in the intensive care unit. The ICU Book is 
not a catalog of ICU problems but rather a pattern book to 
aid problem solving. 

The author focuses on the fundamental principles of 
critical illness rather than the subspecialty issues particular 
to a medical, neurosurgical, or coronary ICU. When look- 
ing for the scientific basis behind what have become em- 
piric decisions in ICU care, one must search a great deal. 
This book, particularly in the first three chapters, brings 
together the fundamentals in a cohesive manner in well- 
chosen figures and tables. 

The writing style is lively and identifies the author as 
someone who actually practices ICU medicine rather than 
observes it academically. References are current (typically 
1983-1989) and reflect up-to-date concepts. The author is 
not afraid to take a firm stand on controversial issues but 
provides sufficient referenced discussion where appropri- 
ate. A computer program for generating a hemodynamic 
profile is thoughtfully provided for the benefit of those 
lacking new-generation bedside monitors with this capabil- 
ity. The extensive appendices (reminiscent of ‘peripheral 
brain” books carried by housestaff) supply concise and 
relevant information on such topics as brain death, compo- 
sition of crystalloid fluids, Apache-II scoring, and acute 
management of cardiac dysrhythmias without taking up 
valuable space in a wordy discussion. The book has the 
information the anesthesiologist practicing critical care may 
need at 3 AM, and presents it concisely. 

My criticisms of this text are few. Typographical errors 
are at a minimum, and the editing and graphic layout are 
superb. One major weakness is that short shrift is given to 
the topics of sedation and neuromuscular blockade. Succi- 
nylcholine is appropriately discouraged for prolonged ICU 
use, but the reason implied is hyperkalemia rather than 
phase II block. The author is far more enthusiastic than 
many in recommending haloperidol as a preferred anxi- 
olytic. The section on central venous access mentions only 
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two approaches to placement of an internal jugular cathe- 
ter, and the chapter on arterial pressure monitoring should 
mention brachial artery catheters. The chapter on acute 
heart failure would benefit from the addition of a discus- 
sion of “bridge to transplant” using the centrifugal ventric- 
ular assist devices that are in use in many centers. 

In summary, The ICU Book is a single handy source for 
basic science and physiologic concepts needed for day-to- 
day ICU care. For the practicing anesthesiologist with ICU 
responsibilities but without consultative help, this can be 
your pocket mentor. If you are a mentor, this book provides 
a useful review and a source of inspiration for bedside 
teaching. If you are a mentor-in-training, you may want 
this book as defense against tough questions from your 
attending. (Example: What's the correction for barometric 
pressure when calculating Aa gradient in a mechanically 
ventilated patient? Answer on page 30.) Overall, this book 
is a good value for those seeking to apply science to ICU 
routine and can be recommended to the critical care spe- 
cialist and nonspecialist alike. 


Thomas L. Higgins, MD 
Cardiothoracic ICU 
Cleveland Clinic 

Cleveland, Ohio 
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© Technical communications are papers that deal with instrumentation 
and analytic techniques. 


© Review articles of 2500 to 4000 words collate, describe, and evaluate 
previously published material to aid in evaluating new concepts. 


DC Letters to the editor, less than 300 words in length, include brief 
constructive comments concerning previously published articles or 
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responsible for correspondence about the manuscript; 





{J Name and address of author to whom requests for reprints should be 
addressed, or a statement that reprints will not be available from the 
author; 


C The source(s) of support in the form of grants. 


Abstract and Key Words 
C The second page should carry an abstract of not more than 150 
words. (Abstracts are not needed for Clinical Reports.) 











The abstract should state the purposes of the study or investigation, 
basic procedures (study subjects or experimental animals; observa- 
tional and analytic methods), main findings (give specific data and 
their statistical significance, if possible), and the principal conclu- 
sions. Emphasize new and important aspects of the study or obser- 
vations. 








0 Define all abbreviations except those approved by the International 
System of Units. 


L] Key (indexing) words: Below the abstract, provide (and identify as 
such) 3 to 10 key words or short phrases that will assist indexers in 
cross indexing the article. 


Text 


C The text of observational and experimental articles is usually—but 
not necessarily—divided into sections with the following headings: 
Introduction, Methods, Results, and Discussion, 








Case reports, reviews, and editorials do not require the above 
sections. 








Introduction: Clearly state the purpose of the article. Summarize the 
rationale for the study or observation. Give only strictly pertinent 
references and do not review the subject extensively. 








C Methods: Describe the selection of observational or experimental 
subjects (patients or experimental animals, including controls) 
clearly. Identify the methods, apparatus (manufacturer's name and 
address in parentheses), and procedures in sufficient detail to allow 
other workers to reproduce the results. Give references to estab- 
lished methods, including statistical methods; provide references 
and brief descriptions for methods that have been published but are 
not well known; describe new or substantially modified methods, 
give reasons for using them, and evaluate their limitations. 
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O Identify precisely all drugs and chemicals used, including generic 
name(s), dosage(s), and route(s) of administration. 

D Results: Present the results in logical sequence in the text, tables, and 
illustrations. Do not repeat in the text all the data in the tables and/or 
illustrations; emphasize or summarize only important observations. 





O Discussion: Emphasize the new and important aspects of the study ` 


and conclusions that follow from them. Do not repeat in detail data 
given in the Results section. Include in the Discussion the implica- 
ticns of the findings and their limitations and relate the observations 
to other relevant studies. Link the conclusions with goals of the 
study but avoid unqualified statements and conclusions not com- 
pletely supported by the data. 

O Units of measurement: Measurements of distance/length and weight 
must be expressed in metric units only. Clinical laboratory and 
hematologic data must be expressed in SI units with, if desired, 
present conventional metric units in parentheses. , 


References 


“All references must be available to all readers. Cite only references to 


books and articles or abstracts published in peer-reviewed Index 

Medicus journals. Abstracts appearing only in programs of meetings are 

not acceptable, nor are abstracts more than five years old. 

O Number references consecutively in the order in which they are first 
mentioned in the text. 


O Identify references in text, tables, and legends by arabic numerals (in 
parentheses, on line) 


O Use the style of the examples below, which are based on the format 
used by the US National Library of Medicine in Index Medicus. 

O The titles of journals must be abbreviated according to the style used 
in Index Medicus. 

O References must be verified by the author(s) against the original 
documents, and the entire list must be checked for nonduplication. 


1 


es: 
1. Standard journal articles (List all the authors when six or less; when 
seven or more, list only the first three and add et al.) 
Rigler ML, Drasner K, Krejcie TC, et al. Cauda equina syndrome 
-after continuous spinal anesthesia. Anesth Analg 1991;72:275-81. 
2. Personal author(s) of books and monographs 
Eisen HN. Immunology: an introduction to molecular and cellular 
principles of the immune response. 5th ed. New York: Harper and 
Row, 1974. 
3. Chapter in a book 
Weinstein L, Swartz NM. Pathogenic properties of invading 
microorganisms. In: Sodeman WA Jr, Sodeman WA, eds. Patho- 
logic physiology: mechanisms of disease. Philadelphia: WB Saun- 
ders, 1974:457--72. 


Tables 


O Type each table double-spaced on a separate sheet. Do not submit 
tables as photographs. 

O Number tables consecutively and supply a brief title for each. Give 
each column a short or abbreviated heading. 


O Place explanatory matter in footnotes, not in the ‘heading. Explain in 
footnotes all nonstandard abbreviations that are used in each table. 
For footnotes, use lower-case italicized letters in alphabetical order. 

O Do not use internal horizontal or vertical rules. 

O Cite each table in the text in consecutive order. 

O If data are used from another published (or unpublished) source, 


submit written permission from both author and publisher and 
acknowledge fully. 





Illustrations 


O Submit three complete sets of figures. Figures should be in black and 
white only and be professionally drawn and photographed; free- 
hand or typewritten lettering is unacceptable. Note: Art work of 
published articles will not be returned. , 


J Send sharp, unmounted, glossy black-and-white photographic 
prints, usually 127 by 173 mm but no larger than 203 by 254 mm, 
instead of original drawings, roentgenograms, or other material. 


C Many computer-generated figures are unsatisfactory for reproduc- 
tion and should be professionally redrawn. Lettering should be of 
adequate size to retain clarity after reduction (final lettering size in 
print should be 1.5 mm high). Symbols, cross-hatching, and stip- 
pling within a figure should be sharp and distinct enough to retain 
uniqueness after reduction. 


( Each figure must have a label pasted on its back indicating the 
number of the figure, the names of the authors, and the top of the 
figure. Do not write on the back of the figures. Do not mount them 
on cardboacd or scratch them by using paper clips. Do not bend 
figures. 

Photomicrographs must have internal scale markers. Symbols, ar- 
rows, and letters used in the photomicrographs should contrast with 
the background. . 


O Cite each figure in the text in consecutive order. If a figure has been 

` published, acknowledge the original source and submit written 
permission from both the author and the publisher to reproduce the 
material. Permission is required, regardless of authorship or pub- 
lisher, except for documents in the public domain. 





























Legends for Illustrations i 


D Type legends for illustrations double-spaced starting on a separate 
page, with arabic numerals corresponding to the illustrations. 


C When symtols, arrows, numbers, or letters are used to identify parts ` 
of the illustrations, identify and explain each one clearly in the 


legend. 


Abbreviations , 
C At first mention in text, spell out in full and follow immediately with 
the abbreviation (enclosed within parentheses). 





{1 Do not synthesize new or unusual abbreviations. When -many 
abbreviations are used, include all in a box of definitions at the start 
of the article. 


0 Consult the following sources for abbreviations: 

1. CBE Style Manual Committee, Council of Biology Editors style 
manual: a guide for authors, editors, and publishers in the 
biological sciences. 5th ed. Bethesda, Maryland: Council of Biol- 
ogy Editors, 1983; 

2. American Medical Association. Manual of style. 8th ed. Baltimore, 
Maryland: Williams & Wilkins, 1989. 


Exclusive Publication Statement . ao : 

C The principal author of all materials submitted for publication 
(except letters to the editor) must include in a covering letter a 
statement to the effect that none of the material in this manuscript 
has been published previously nor is any of this material currently 
under cons-deration for publication elsewhere. 


C Authors will be asked to transfer copyright of articles accepted for 
publication to the International Anesthesia Research Society. 


A synergy of effects and 
advantages 


Co-induction—when two or more agents rather 

than one are used for induction—may offer clinical 

benefits if there is anesthetic synergy. Specifically, 

subanesthetic doses of each agent may produce 

a prompt, short-acting effect with more stable 
hemodynamics than one 


agent alone. ' 
A classic example of 
a Es synergy is mutual enhance- 
ment of receptor-site affin- 
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ity: e.g., a benzodiazepine 
such as VERSED may alter 
barbiturate receptors ina 
way that enhances barbi- 
turate effects. Likewise, a 
barbiturate may potentiate 
a benzodiazepine by acting at its receptor sites.** 





Lower doses of both agents 


Several studies have shown that a small initial dose of 
VERSED will allow lower induction doses of thiopental, 
methohexital, fentanyl, alfentanil or ketamine.'*° 

In one study of 90 unpremedicated ASA Class | & II 
patients, co-induction with VERSED followed by thiopen- 
tal required just 1/4 of each drug’s usual EDs.” 


Lower risk of breakthrough 
awareness 


VERSED produces a marked amnestic effect. 
Therefore, a VERSED co-induction may reduce the 
possibility of recall (e.g., during intubation) in the event 
of lightening of anesthesia with short-acting hypnotics 
such as thiopental or propofol. 


Dosing considerations with 
VERSED (midazolam HCI/Roche)G 


As a standard precaution, prior to I.V. administration of VERSED in any 
dose, oxygen and resuscitative equipment should be immediately avail- 
able. VERSED should be used as an induction agent only by persons 
trained in anesthesiology and who are familiar with all dosing and adminis- 
tration guidelines. Reduce dosage in elderly or debilitated patients, in 
patients receiving narcotic premedication and in those with limited 
pulmonary reserve. 

It is recommended that patients do not drive or operate hazardous 
machinery after receiving VERSED until the effects of the drug (e.g., 
drowsiness) are gone or until the day after anesthesia. The decision must 
be individualized. 
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VERSED® 
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INJECTION 


Before prescribing, please consult complete product information, a summary 
of which follows: 





—— 
Intravenous VERSED has been associated with respiratory depression and 
respiratory arrest, especially when used for conscious sedation. In some cases, 
where this was not recognized promptly and treated effectively, death or hypoxic 
encephalopathy has resulted. Intravenaus VERSED shouid be used only in hospital 
or ambulatory care settings, including physicians’ offices, that provide for continu- 
ous monitoring of respiratory and cardiac function. Immediate availability of 
resuscitative drugs and equipment and personnel trained in their use should be 
assured. (See WARNINGS.) 
The initial intravenous dose for conscious sedation may be as little as 1 mg, but 
should not exceed 2.5 mg in a normal healthy adult. Lower doses are necessary 
for older (over 60 years) or debilitated patients and in patients receiving concomi- 
tant narcotics or other CNS depressants. The initial dose and all subsequent doses 
should never be given as a bolus; administer over at least 2 minutes and allow an 
additional 2 or more minutes to fully evaluate the sedative effect. The use of the 
1 mg/mL. formulation or dilution of the 1 mg/mL or 5 mg/mL formulation is recom- 
mended to facilitate slower injection. Consult complete product information under 
DOSAGE AND ADMINISTRATION for complete dosing information. 











CONTRAINDICATIONS: Patients with known hypersensitivity to the drug. 
Benzodiazepines are contraindicated in patients with acute narrow angle glaucoma: 
may be used in open angle glaucoma only if patients are receiving appropriate 
therapy. 

WARNINGS: Never use without individualization of dosage. Prior to IV use in 
any dose, ensure immediate availability of oxygen, resuscitative equipment 
and skilled personnel for maintenance of a patent airway and support of 
ventilation. Continuously monitor for early signs of underventilation or apnea, 
which can lead to hypoxia/cardiac arrest unless effective countermeasures 
are taken immediately. Vital signs should continue to be monitored during the 
recovery period. Because IV VERSED depresses respiration, and opioid agonists and 
other sedatives can add to this depression, it should be administered as an induction 
agent only by a person trained in general anesthesia and should be used for con- 
scious sedation only in the presence of personnel skilled in early detection of under- 
ventilation, maintaining a patent airway and supporting ventilation. For conscious 
sedation, do not administer IV by rapid or single bolus. Serious cardiorespiratory 
adverse events have occurred, These have included respiratory depression, apnea, 
respiratory arrest and/or cardiac arrest, sometimes resulting in death. There have 
been rare reports of hypotensive episodes requiring treatment during or after diagnos- 
tic or surgical manipulations in patients who have received VERSED. Hypotension 
occurred more frequently in the conscious sedation studies in patients premedicated 
with narcotic. 

Reactions such as agitation, involuntary movements, hyperactivity and combative- 
ness have been reported. These may be due to inadequate or excessive dosing or 
improper administration; however, the possibility of cerebral hypoxia or true paradoxi- 
cal reactions should be considered. Should these reactions occur, response to each 
dose of VERSED and all other drugs should be evaluated before proceeding. 
Concomitant use of barbiturates, alcohol or other CNS depressants may increase the 
risk of underventilation or apnea and may contribute to profound and/or prolonged 
Crug effect. Narcotic premedication also depresses the ventilatory response to carbon 
dioxide stimulation. 

Higher risk surgical, elderly or debilitated patients require lower dosages for induction 
of anesthesia, premedicated or not. Patients with chronic obstructive pulmonary 
disease are unusually sensitive to the respiratory depressant effect of VERSED. 
Patients with chronic renal failure and patients with congestive heart failure eliminate 
midazolam more slowly. Because elderly patients frequently nave inefficient function 
of one or more organ systems, and because dosage requirements have been shown 
to decrease with age, reduce initial dosage and consider possibility of a profound 
and/or prolonged effect. 

Do not administer in shock, coma, acute alcohol intoxication with depression of vital 
signs, Particular care should be exercised in the use of IV VERSED in patients with 
uncompensated acute illnesses, such as severe fluid or electrolyte disturbances. 
Guard against unintended intra-arterial injection; hazards in humans unknown. Avoid 
extravasation. 

Gross tests of recovery from the effects of VERSED cannot alone predict reaction 
time under stress, This drug is never used alone during anesthesia, and the contribu- 
tion of other perioperative drugs and events can vary. The decision as to when 
patients may engage in activities requiring mental alertness must be individualized: it is 
recommended that no patient should operate hazardous machinery or a motor 
vehicle until the effects of the drug, such as drowsiness, have subsided or until the 
day after anesthesia, whichever is longer. 

Usage in Pregnancy: An increased risk of congenital malformations associ- 
ated with the use of benzodiazepines (diazepam and chlordiazepoxide) has 
been suggested in several studies. if VERSED is used during pregnancy, 
apprise the patient of the potential hazard to the fetus. 

PRECAUTIONS: General: Decrease intravenous doses in elderly and debilitated 
patients. These patients will also probably take longer to recover completely after 
VERSED for induction of anesthesia. 

VERSED does not protect against increased intracranial pressure or against the heart 
rate rise and/or blood pressure rise associated with endotracheal intubation under 
light general anesthesia. 

Information for patients: Communicate the following information and instructions to 
the patient when appropriate: 1. Inform your physician about any alcohol consump- 
tion and medicine you are now taking, including nonprescription drugs. Alcohol has 
an increased effect when consumed with benzodiazepines; therefore, caution should 
be exercised regarding simultaneous ingestion of alcohol and benzodiazepines. 


VERSED® (brand of midazolam HCI/Roche} 


2. Inform your physician if you are pregnant or are planning to become pregnant. 

3. Inform your physician if you are nursing. 

Drug interactions: The sedative effect of IV VERSED is accentuated by premedication. 
particularly narcotics (e.g., morphine, meperidine, fentanyl) and also secobarbital and 
Innovar (fentanyl and droperidol). Consequently, adjust the dosage according to the 
type and amount of premedication. 

A moderate reduction in induction dosage requirements of thiopental (about 15%) has 
been notsd following use of IM VERSED for premedication. 

IV administration of VERSED decreases the minimum alveolar concentration (MAC) of 
halothane required for general anesthesia. This decrease correlates with the dose of 
VERSED administered. 

Although the possibility of minor interactive effects has not been fully studied, 
VERSED and pancuronium have been used together in patients without noting 
clinically significant changes in dosage, onset or duration. VERSED does not protect 
against the characteristic circulatory changes noted after administration of succinyl- 
choline or pancuronium, or against the increased intracranial pressure noted following 
administration of succinyichaline. VERSED does not cause a clinically significant 
change in dosage, onset or duration of a single intubating dose of succinyicholine. 
No significant adverse interactions with commonly used premedications or drugs 
used during anesthesia and surgery (including atropine, scopolamine, glycopyrrolate, 
diazepam, hydroxyzine, d-tubocurarine, succinyicholine and nondepolarizing muscle 
relaxants) or topical local anesthetics (including lidocaine, dyclonine HC! and 
Cetacaine) have been observed. 

Drug/laboratory test interactions: Midazolam has not been shown to interfere with 
clinical laboratory test results. 

Carcinogenesis, mutagenesis, impairment of fertility: Midazolam maleate was admin- 
istered to mice and rats for two years. At the highest dose (80 mg/kg/day) female 
mice had a marked increase in incidence of hepatic tumors and male rats had a small 
but significant increase in benign thyroid follicular cell tumors. These tumors were 
found after chronic use, whereas human use will ordinarily be of single or several 
doses. 

Midazolam did not have mutagenic activity in tests that were conducted. 

A reproduction study in rats did not show any impairment of fertility at up to ten times 
the human IV dose. 

Pregnancy: Teratogenic effects: Pregnancy Category D. See WARNINGS section. 
Midazolam maleate injectable, at 5 and 10 times the human dose, did not show 
avidence of teratogenicity in rabbits and rats. 

Labor and delivery: Use in obstetrics has not been evaluated. Because midazolam is 
transferred transplacentally and because other benzodiazepines given in the last 
weeks of pregnancy have resulted in neonatal CNS depression, VERSED is not 
recommended for obstetrical use. 

Nursing mothers: It is not known whether midazolam is excreted in human milk, 
Because many drugs are excreted in human milk, caution should be exercised when 
injectable VERSED is administered to a nursing woman. 

Pediatric use: Safety and effectiveness in children below the age of 18 have not been 
established. 

ADVERSE REACTIONS: See WARNINGS concerning serious cardiorespira- 
tory events and possible paradoxical reactions. Fluctuations in vital signs 
following parenteral administration were the most frequently seen findings and 
included decreased tidal volume and/or respiratory rate decrease (23.3% of patients 
following IV and 10.8% of patients following IM administration) and apnea (15.4% of 
patients following IV administration), as well as variations in blood pressure and pulse 
rate, 

Following IM injection: headache (1.3%); local effects at IM site: pain (3.7%), indura- 
tion (0.5%), redness (0.5%), muscle stiffness (0.3%). Following IV administration: 
hiccoughs (3.9%), nausea (2.8%), vomiting (2.6%), coughing (1.3%), “oversedation” 
(1.6%), headache (1.5%), drowsiness (1.2%); local effects at the IV site: tenderness 
(5.6%), pain during injection (5.0%), redness (2.6%), induration (1.7%), phlebitis 
(0.4%). Other effects (< 1%) mainly following IV administration: Respiratory: 
Laryngospasm, bronchospasm, dyspnea, hyperventilation, wheezing, shallow 
respirations, airway obstruction, tachypnea, Cardiovascular; Bigerniny, premature 
ventricular contractions, vasovagal episode, tachycardia, nodal rhythm. 
Gastrointestinal: Acid taste, excessive salivation, retching. CNS/Neuromuscular: 
Retrograde amnesia, euphoria, confusion, argumentativeness, nervousness, anxiety, 
gragginess, restlessness, emergence delirium or agitation, prolonged emergence 
from anesthesia, dreaming during emergence, sleep disturbance, insomnia, night- 
mares, athetoid movements, ataxia, dizziness, dysphoria, slurred speech, dysphonia, 
paresthesia. Special Sense: Blurred vision, diplopia, nystagmus, pinpoint pupils, cyclic 
movements of eyelids, visual disturbance, difficulty focusing eyes, ears blocked, loss 
of balance, lightheadedness. Integumentary: Hives, hive-like elevation at injection site, 
swelling or feeling of burning, warmth or coldness at injection site, rash, pruritus. 
Miscellaneous. Yawning, lethargy, chills, weakness, toothache, faint feeling, 
hematoma. 

Drug Abuse and Dependence: Available data concerning the drug abuse and depen- 
dence potential of midazolam suggest that its abuse potential is at least equivalent to 
that of diazepam. 

OVERDOSAGE: Manifestations would resemble those observed with other benzodi- 
azepines (e.g., sedation, somnolence, confusion, impaired coordination, diminished 
reflexes, coma, untoward effects on vital signs), No specific organ toxicity would be 
expected. 

DOSAGE AND ADMINISTRATION: VERSED is a potent sedative agent which 
requires slow administration and individualization of dosage. Clinical experi- 
ence has shown VERSED to be 3 to 4 times as potent per mg as diazepam. 
BECAUSE SERIOUS AND LIFE-THREATENING CARDIORESPIRATORY 
ADVERSE EVENTS HAVE BEEN REPORTED, PROVISION FOR MONITORING, 
DETECTION AND CORRECTION OF THESE REACTIONS MUST BE MADE 
FOR EVERY PATIENT TO WHOM VERSED INJECTION IS ADMINISTERED, 
REGARDLESS OF AGE OR HEALTH STATUS. Excess doses or rapid or single 
bolus intravenous administration may result in respiratory depression and/or 
arrest. (See WARNINGS.) Prior to use refer to the DOSAGE AND ADMINIS- 
TRATION section in the complete product information. 
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Classified Advertising 


FELLOWSHIP--PEDIATRIC 
ANESTHESIOLOGY 
The Department of Anesthesiology of Co- 
lumbus Children’s Hospital is expanding 
its fellowship program. Positions are cur- 
rently available for a 1-year fellowship in 
pediatric anesthesiology. Children’s Hospi- 
tal of Columbus, Ohio is a 313-bed general 
pediatric institution with a surgery case- 
load of 13,000-14,000 cases per year. All 
pediatric surgical specialities are repre- 
sented with large case loads in pediatric 
neurosurgery and cardiovascular surgery. 
Regional anesthesia in infants and children 
along with acute/chronic pain management 
experience is available. An active trans- 
plantation service is present. Opportunity 
for research is provided under the guidance 
of a full-time director of research. Inquiries 
should be submitted to J. David Martino, 
MD, Chairman, Department of Anesthesi- 
ology, Columbus Children’s Hospital, Co- 
lumbus, OH 43205. 

531K/D 





MISSOURI 
The Department of Anesthesiology of St. 
Louis University School of Medicine is 
seeking board-qualified or certified full- 
time faculty to fill newly created positions 
to meet the needs of the expanding resi- 
dency program and new expanding hospi- 
tal facility. Training and interests in the 
subspecialty areas of pediatrics, cardiovas- 
cular, and neuroanesthesia are desirable. 
These clinical/teacher positions will also 
promote academic interests and research 
development. Participation in the resi- 
dency training program is essential. The 
university is committed to affirmative ac- 
tion. Inquiries should be directed to John F. 
Schweiss, MD, Chairman, Department of 
Anesthesiology, St. Louis University 
School of Medicine, 3635 Vista Avenue at 
Grand Boulevard, St. Louis, MO 63110- 
0250; telephone (314) 577-8750. 

544L/E 





MAINE 
BC or BE MD to join group of three MD 
anesthesiologists and four CRNAs, in the 
practice of anesthesia, intensive care and 
respiratory care. Phone (207) 622-1959 from 
8:30 aM to 3:30 pm. Write to Chief of Anes- 
thesia, Kennebec Valley Medical Center, 6 
East Chestnut Street, Augusta, ME 04330. 
560L/E 





OHIO 
Anesthesiologist, University Hospitals. 
Must be at least board eligible. Equal op- 





portunity affirmative action employer. 
Send curriculum vitae to Helmut F. 
Cascorbi, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity Hospitals of Cleveland, 2074 Abing- 
ton Road, Cleveland, OH 44106. 

571 A/F 





ILLINOIS, CHICAGO 

Anesthesiologist BC/BE to join expanding 

group practice limited to outpatient anes- 

thesia. Excellent opportunity for growth. 

Send CV to Marc Sloan, MD, 25 East Wash- 

ington, Suite 300, Chicago, IL 60602. 
574A/F 








WANTED? 
Affable anesthesiologist to join progressive 
fun-loving department in central Vermont 
area. Locate in the mountains. See the 
leaves. 4 MD, 1 CRNA group. We do pain 
our way. DO IT NOW—send CV to Chair- 
man, Department of Anesthesia, c/o Central 
Vermont Hospital, PO Box 547, Barre, VT 
05641. A limited time offer. Respond now! 
580A/D 








CALIFORNIA 
The UCLA Department of Anesthesiology 
has openings for faculty with experience in 
anesthesia for organ transplantation. Req- 
uisites include clinical and teaching skills; 
eligibility for a California medical license; 
ABA certification or in process. Address 
correspondence with names of five refer- 
ences and curriculum vitae to Stuart F. 
Sullivan, MD, Department of Anesthesiol- 
ogy, UCLA School of Medicine, Los Ange- 
les, CA 90024-1778. UCLA is an Affirmative 
Action, Equal Opportunity Employer. 
584.A/F 








THE UNIVERSITY OF NEW MEXICO 

A reorganized, expanding Department of 
Anesthesiology in the “Land of Enchant- 
ment” has seven immediate openings at 
the Assistant and Associate Professor lev- 
els. Responsibilities include teaching of 
medical students and residents and the 
provision of clinical care in a busy tertiary 
referral center. Opportunities to pursue re- 
search interest will be provided. Experience 
in cardiac, obstetric, neurosurgical, and pe- 
diatric anesthesia is desirable. Qualified 
candidates should address inquiries to 
James C. Scott, MD, Associate Professor 
and Acting Chairman, Department of An- 
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esthesiology, University of New Mexico 
School of Medicine, 2211 Lomas NE, Albu- 
querque, NM 87106, (505) 843-2610. The 
University of New Mexico is an Equal Op- 
portunity, Affirmative Action Employer. 
585A/F 





Cardiac anesthesiologists and Director of 
Obstetric Anesthesiology sought for aca- 
demic medical center practice. Candidates 
for obstetric position must have experience 
in all types of obstetric anesthesia. Interest 
in research and teaching highly desirable. 
Present staff of 25 MDs, over 40 CRNAs, 
and over 20 residents provides challenging 
anesthesia care team setting. OR area con- 
tains state-of-the-art equipment in 20 new 
or renovated suites. Interested applicants 
should send CV and three references to: 
Dr. Philip Lumb, Professor and Chairman, 
Albany Medical College, Department of 
Anesthesiology, Code A-131, Albany, NY 
12208. EOE 

592B/F 


CLASSIFIED ADS 


Anesthesia and Analgesia makes available classi- 
fied advertising space for those interested in 
obtaining positions or wishing to announce- 
ments, postgraduate courses, or other pertinent 
events, We require that all advertisements be 
relevant to the practice of anesthesia and anal- 
gesia, and we reserve the right to refuse adver- 
tisements that are not relevant. 

Specifications. Ads should be typewritten on 
letterhead stationery; the text should be double- 
spaced, with the title or key phrase typed in 
capital letters. Enclose two photocopies with 
each ad. Display space (minimum 44 page) is 
available through Pharmaceutical Media, Inc., 
440 Park Avenue South, 14th floor, New York, 
NY 10016, telephone: (212) 685-5010, FAX: (212) 
685-6126, 

Rates. Ads cost $1.25 per word per insertion, 
with a minimum of 20 words. Abbreviations, 
dates, initials, post office box numbers, tele- 
phone numbers, years, and zip codes are con- 
sidered one word each. There is an additional 
fee of $17.00 per insertion for box number ads.” 

Payment. Full payment or institutional pur- 
chase order must accompany the copy for each 
ad. Ads received without a check or purchase 
order will be returned. (Make checks payable to 
Elsevier Science Publishing Company, Inc.) 

Deadline. Copy must be received 7 weeks 
before publication date (i-e., by January 1 for the 
March issue); multiple-insertion ads are wel- 
come. Ads may run up to 6 months per pur- 
chase order/payment. Please specify in which 
issue(s) your advertisement is to appear. 

Send all ad copy, payments, and correspon- 
dence to: Anesthesia and Analgesia Classified Ads, 
Desk Editorial, Elsevier Science Publishing Co., 
Inc., 655 Avenue of the Americas, New York, 
NY 10010. 

“When responding to a box number ad, in- 
clude the box number on ali correspondence. 
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WISCONSIN 
Anesthesiologist BC/BE to work with four 
MDs in 200+ bed hospital and surgicenter 
midway between Milwaukee and Chicago. 
Fee for service. Send CV and references to 
Dr. I. Romana, PO Box 594, Kenosha, WI 
53141. 

597B/E 








INDIANA 
Faculty positions are available at all aca- 
demic ranks for adult anesthesia. Positions 
include teaching and administrative re- 
sponsibilities as well as opportunities to 
pursue research interests. Experience in 
pain management and organ transplanta- 
tion is desirable. All candidates must be 
board certified or board eligible. Individu- 
als appointed to the tenure track will be 
required to maintain an active and ongoing 
research program. Please send curriculum 
vitae to Robert K. Stoelting, Professor and 
Chairman, Department of Anesthesia, In- 
diana University School of Medicine, 1120 
South Drive, Fesler Hall 204, Indianapolis, 
IN 46202-5115. Indiana is an equal oppor- 
tunity employer. 

599B/D 











OREGON 
Fellowship—Pain Management. July 1991 
and July 1992 Fellowship positions avail- 
able for physicians who have completed 
clinical anesthesia training. Setting is a 
multidisciplinary pain management center 
that deals with the entire range of acute 
and chronic outpatient and inpatient pain 
problems. Experience offered in most diag- 
nostic and therapeutic procedures includ- 
ing intraspinal narcotics and stimulators, 
cryo, regional blockade, PCA. An active 
research program exists and participation 
by fellow is encouraged. Please send CV 
and names of three references to Wendell 
C. Stevens, MD, Chairman, Department of 
Anesthesiology, Oregon Health Sciences 
University, 3181 S.W. Sam Jackson Park 
Road, Portland, OR 97201. 

600B/D 








NEW HAMPSHIRE 
Excellent opportunity for BC/BE anesthesi- 
ologist to join two-person group. Surgical 
cases include OB/GYN, urology, ENT, oph- 
thalmology, Peds, Ortho, and vascular and 
general surgery. Position open due to enor- 
mous growth in surgical base. Partnership 
position includes competitive compensa- 
tion and benefit package. NH is a tax-free 
state that enjoys year-round recreational 
and cultural opportunities. This position 
combines a challenging practice with a 
quality lifestyle that is rare in this age of 
corporate medicine. For additional infor- 
mation call or write: Martin Rosenberg, 
Director of Professional Services, Valley 
Regional Hospital, 243 Elm Street, Clare- 
mont, NH 03743; (603) 543-1606. 

601B/D 








DEPARTMENT OF ANESTHESIOLOGY, UNI- 
VERSITY OF CALIFORNIA, SAN DIEGO 
is recruiting for five faculty positions at all 
ranks. One position is the Director of the 
UCSD Pain Management Program. Appli- 
cants for this position must have experi- 
ence in all aspects of inpatient and outpa- 
tient pain management and have extensive 
experience in pain research and treatment. 
Applicants must demonstrate motivation to 
expand a pain management center and be 
able to direct a clinical pain research pro- 
gram involving protocol-driven human 
studies. The four other positions require 
experience in teaching and clinical training, 
patient care, and research interest or expe- 
rience is preferred. One position requires 
demonstrated experience in critical care. 
One position requires subspecialty training 
and experience in obstetric anesthesia. One 
of the five positions may be tenured track. 
Otherwise the positions are non-tenured 
track. Rank and salary commensurate with 
experience and based on the UCSD School 
of Medicine Faculty Compensation Plan. 
Must be board certified or board eligible in 
anesthesiology and a California medical 
license is required. Possession of a certifi- 
cate of special qualifications in critical care 
medicine or eligibility to take the qualifying 
exam is required for the critical care posi- 
tion. Please send letter, curriculum vitae, 
and names/addresses of three references to 
Harvey M. Shapiro, MD, Department of 
Anesthesiology, H-770-A, University of 
California San Diego Medical Center, 225 
Dickinson Street, San Diego, CA 92103. 
The University of California, San Diego is 
an equal opportunity/AA employer. All ap- 
plications received by April 30, 1991 will 
receive thorough consideration, 

603B/D 








Tertiary care hospital in Cleveland, Ohio 
currently seeking BC Division Director to 
join group of four anesthesiologists, direct- 
ing nine anesthetists through a team ap- 
proach. Surgical schedule includes OHS, 
trauma, minimal pediatrics, no OB. Send 
CV to Aldona T. Lyon, MD, Acting Direc- 
tor, Division of Anesthesiology, Saint Vin- 
cent Charity Hospital and Health Center 
2351 East 22nd Street, Cleveland, OH 
44115. 

610CD 





PLANNING TO RETIRE AND MOVE TO 
FLORIDA—WHY WAIT? 

Established group looking for anesthesiol- 
ogist who would like to spend a few prac- 
tice years before retirement in a Florida 
Gulf Coast Outpatient Specialty Clinic su- 
pervising one CRNA. Working conditions 
are a relaxed and pleasant day job (no 
nights, weekends, holidays) with no ad- 
ministrating or office responsibilities. If 
practice hassles, high stress cases, and call 
responsibilities are getting to be too much, 
this one is for you. Area offers outstanding 
outdoor activities, professional sports and 


cultural events. Must have a Florida li- 
cense. Reply to Box 612CD. 
612CD 








FLORIDA 
Central Florida Area—Excellent opportu- 
nity for MD with fellowship or extensive 
clinical experience in chronic pain manage- 
ment. Salary to partnership. Reply Box 
613C/E. 

613C/E 








BE/BC ANESTHESIOLOGIST 

SW PA, 300-bed, modern community hos- 

pital to work with 3 MDs and CRNAs. 

Competitive starting salary with malprac- 

tice and BC/BS. No open heart, minimal 

OB, minimal neuro. Reply to box 614C/F. 
614C/F 








MINNESOTA: MEDICAL DIRECTOR 
OUTPATIENT ANESTHESIA 
Excellent opportunity for an experienced 
anesthesiologist to join a single specialty 
group of nine. Medical Director will assist 
in planning and development of new am- 
bulatory care facility at the Saint Cloud 
Hospital. Saint Cloud Hospital is a 489-bed 
regional medical center serving an area of 
440,000 Central Minnesotans. Duties will 
include at least 80% outpatient anesthesia. 
Qualifications: board certification with 
strong interest and experience in outpatient 
anesthesia. Good interpersonal and organi- 
zational skills required. This position offers 
a competitive salary, excellent benefits, and 
limited call duty. St. Cloud is a rapidly 
growing area of 100,000 people located 70 
miles northwest of Minneapolis/St. Paul. A 
clean safe city, St. Cloud offers three uni- 
versities, a wide variety of cultural and 
recreational opportunities, and an ideal 
family environment. Please send CV to 
John Schnettler, Physician Recruiter, Saint 
Cloud Hospital, 1406 6th Avenue North, 
St. Cloud, MN 56303; 1-800-289-6654. 
618CD 








ANESTHESIOLOGIST 
Sinai Hospital, an acute-care teaching hos- 
pital, in northwestern Detroit seeks a qual- 
ified anesthesiologist who is board certified 
or in the exam process. Salary will be 
commensurate with experience. The candi- 
date will be expected to participate actively 
in both undergraduate and resident educa- 
tion. Send CV to Mark McNash, Adminis- 
trative Director, Sinai Hospital, 6767 West 
Outer Drive, Detroit, MI 48235. An equal 
opportunity employer. 

620CD 








FLORIDA 
BC/BE Anesthesiologist for expanding am- 
bulatory group practice. Part time/full time 











with no nights, emergencies, OB, or week- 
ends. Please reply to Box 621C/H. 
621C/H 





PAIN FELLOWSHIP 

Expanding Pain Management Center of 
Medical College of Georgia has opening for 
Pain Fellow starting July 1991. Choice of 6 
or 12 months at competitive salary. Setting 
is interdisciplinary, with focus on return to 
functionality. Busy nerve block clinic, acute 
pain service with PCA and epidural anal- 
gesia, cancer pain management, and ter- 
tiary region-wide referral of large variety of 
complex diagnostic challenges. Growing 
pediatric pain program, including postop, 
oncology, and sickle cell crisis. Applicant 
must have completed residency training in 
anesthesiology, be board eligible, and have 
Georgia license. Clinical research encour- 
aged. The Fellow supervises two residents 
plus one student; adequate management 
exposure to direct a pain service on com- 
pletion. Augusta is a clean, pleasant uni- 
versity town near huge lake for boating, 
and a few hours from Atlanta, beach, and 
mountains. 

Inquires to Rudolph H. de Jong, MD, 
(404) 721-PAIN, application packet from 
Susan W. Dawkins, Department of Anes- 
thesiology, Medical College of Georgia, 
Augusta, GA 30912-2700. EEO/AA Em- 
ployer. 

622CD 


PENNSYLVANIA 
Immediate opening for BC/BE anesthesiol- 
ogist to join 2 MDs and CRNAs in PA. Fee 
for service. Call Dr. Shah, (717) 242-7186, 9 
AM to 5 PM. 

623CD 





ILLINOIS 
Anesthesiologist to join congenial group of 
MDs/CRNAs expanding to provide anes- 
thesia coverage for only hospital in city 
since recent merger. No open heart or 
neurosurgery. Environment conducive to 
family living, variety of schools, recreation. 
Good opportunity with stable future. City 
located in east central Illinois with popula- 
tion of approx. 40,000 (35 mile radius ser- 
vice area with 126,126 population). Within 
driving distance of Chicago and Indiana- 
polis. Please send CV to Box 624C/H. 
624C/H 


ALABAMA—ANESTHESIOLOGIST 

Faculty position for clinical BC/BE anesthe- 
siologist at University of Alabama at Bir- 
mingham, Department of Anesthesiology. 
Opportunities to do clinical research, vari- 
ety of clinical cases including liver trans- 
plantation. Desire to participate in teaching 
necessary. Limited night call. Generous 
benefit package. Salary competitive with 
private practice situations. Located in 


downtown Birmingham; city rated ‘“Amer- 
ica’s most livable city” by U.S. Conference 
of Mayors, June 1989, and rated by News- 
week, February 1989, as “one of the nation’s 
top 10 hot cities.” Please contact Simon 
Gelman, MD, PhD, Professor and Chair- 
man, Department of Anesthesiology, Uni- 
versity of Alabama at Birmingham, 619 
South 19th Street, Birmingham, AL 35233, 
(205)934-4696. An Affirmative Action/Equal 
Employment Opportunity Employer. 
626C/F 





DIRECTOR, PAIN MANAGEMENT SERVICE 
The Department of Anesthesiology at the 
Oregon Health Sciences University is re- 
cruiting for a Director of our Pain Manage- 
ment Service. The Service encompasses 
management of acute and chronic pain, 
training of medical students, residents, and 
fellows and research. The Service provides 
a multidisciplinary approach to pain con- 
trol and has vigorous clinical psychology 
and neuroimplant components. Excellent 
interdisciplinary relationships exist with 
neurosurgery, orthopedics, and surgical 
oncology. Board eligibility in anesthesiol- 
ogy or equivalent certification plus training 
and/or experience in pain management are 
required. Research experience and evi- 
dence of productivity are desired. Aca- 
demic rank for successful candidate will be 
determined by qualifications. Candidate 
must be eligible for Oregon medical license. 
Please send curriculum vitae and names 
of three references to Wendell C. Stevens, 
MD, Department of Anesthesiology, 
OHSU, 3181 SW Sam Jackson Park Road, 
Portland, OR 97201. The Oregon Health 
Sciences University is an equal opportuni- 

ty/affirmative action employer. 
627C/E 





FULL-TIME ANESTHESIOLOGIST 
BC or BE to join a group of anesthesiolo- 
gists and CRNAs providing all types anes- 
thesia coverage, though little obstetrical, to 
three hospitals and a day surgery facility in 
a southwest Louisiana city of approxi- 
mately 75,000. Please send CV to Lake 
Charles Anesthesiology, 1415 18th Street, 
Lake Charles, LA 70601. 

634C/H 





ANESTHESIOLOGY CA-4 CRITICAL CARE 
MEDICINE 
CA-4 training in Critical Care Medicine 
satisfying the requirement for certification 
of specialty competence in critical care 
medicine through anesthesiology. Newly 
approved program at the Albany Medical 
Center. Two positions available for July 
1991. Send CV to Carol Kiner/Albany Med- 
ical Center/Anesthesia A-131/Albany, NY 
12208. 

631D/G 
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YALE UNIVERSITY SCHOOL OF MEDICINE: 
DEPARTMENT OF ANESTHESIOLOGY 
From time to time, faculty positions are 
available for both clinical anesthesiologists 
and research staff. These appointments are 
for immediate and future placement. Please 
respond prior to May 31, 1991 by sending 
your CV to Paul G. Barash, MD, Chairman, 
Department of Anesthesiology, Yale Uni- 
versity School of Medicine, PO Box 3333, 
New Haven, CT 06510. Yale is an Affir- 
mative Action Employer and provides 
equal opportunities for employment to all 
applicants. 

632D 





ANESTHESIOLOGIST 
Board certified/eligible to join expanding 
small group practice. Experienced in all 
anesthesia techniques including epidural 
block and pain management. No open 
heart or neurosurgery. Good opportunity 
for growth. Please send CV to Mount Ver- 
non Anesthesia Associates, Box 391, Mount 
Vernon, OH 43050. 

633D/F 





NORTHERN NEW ENGLAND 
Chief and/or Staff Anesthesiologist, BC/BE 
for 194-bed VA Medical Center, fully affil- 
iated with Dartmouth-Hitchcock Medical 
Center and Dartmouth Medical School. Ac- 
tive teaching hospital. Academic appoint- 
ment and salary commensurate with expe- 
rience. Part-time position a possibility. 
Good schools, cultural offerings, beautiful 
country environment, good skiing, excel- 
lent book store. Two and a half hours from 
Boston, Massachusetts—one and a half 
hours from Burlington, Vermont. For fur- 
ther information, call John M. Head, MD, 
Chief of Surgery, or Susanne Learmonth, 
Acting Chief of Anesthesia, (802) 295-9363, 
extension 5290, or FTS 834-1290, or send 
CV to above at VA Medical Center, White 
River Junction, VT 05001. EOE/MF. 
635D/F 





PEDIATRIC ANESTHESIA 
Due to expansion of our clinical responsi- 
bilities, positions are available for pediatric 
anesthesiologists at Arkansas Children’s 
Hospital. We provide primary and tertiary 
care for children locally and in six sur- 
rounding states. We are especially in- 
terested in those with special training or 
experience in pediatric cardiovascular anes- 
thesia and pain management. Please send 
replies to Raeford E. Brown, Jr., MD, Chief, 
Division of Pediatric Anesthesia, Arkansas 
Children’s Hospital, 800 Marshall Street, 
Little Rock, AR 72202-3591. An equal op- 
portunity employer. 

636D/F 





PEDIATRIC ANESTHESIOLOGIST/ 
INTENSIVIST 

The Department of Anesthesiology at Duke 
University Medical Center is seeking a 
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board-certified/board-eligible anesthesiolo- 
gist to join the faculty. Applicants should 
have formal training beyond the 3 year 
continuum in the subspecialties of pediatric 
anesthesia and/or critical care or have rec- 
ognized skills in lieu of normal fellowship 
training. Faculty candidates must have a 
strong desire to conduct clinical research 
and teaching, in addition to clinical exper- 
tise. Academic title and compensation con- 
sistent with experience. send curriculum 
vitae to Dr. J.G. Reves, MD, Interim Chair- 
man, Department of Anesthesiology, P.O. 
Box 3094, Duke University Medical Center, 
Durham, NC 27710. Duke University is an 
EO/AA employer. 

637D 





PEDIATRIC ANESTHESIOLOGIST WANTED: 
Y.C. suburb, 2 years to partnership. 

Reply to Box 638D. 
638D 





DEPARTMENT OF ANESTHESIOLOGY UNI- 
VERSITY OF MINNESOTA 

The University of Minnesota, Department 
of Anesthesiology, is seeking three aca- 
demic anesthesiologists for full-time faculty 
positions. Positions will be at the rank of 
Assistant Professor, tenure track, Associate 
Professor with tenure, or Professor with 
tenure, depending on experience and qual- 
ifications. Responsibilities will include the 
teaching of medical students, residents and 
fellows, the supervision of clinical cases, 
and administrative duties within the de- 
partment. Candidates must be prepared to 
undertake clinical and/or laboratory re- 
search. 

Candidates must have an MD degree and 
four years of post MD training. 

To be eligible for the rank of Assistant 
Professor on tenure track, candidates must 
have demonstrated involvement in quality 
research and competence in teaching. 

To be eligible for the rank of Associate 
Professor with tenure, candidates must 
have demonstrated distinction in research 
and writing as well as effectiveness in 
teaching. 

To be eligible for the rank of Professor 
with tenure, candidates must have the 
above, plus a national reputation in re- 
search and evidence of leadership in the 
applicants’ professional field. 

Any area of subspeciality is of interest, 
although specific needs exist in acute and 
chronic pain management, regional anes- 
thesia, and cardiac, neurosurgical, and 
transplantation anesthesia. 

A generous compensation and benefit 
package is available. 

Last date for receipt of applications is 
April 30, 1991, with beginning date to be 
negotiated. Send letters of application with 
the names of three references and curricu- 
lum vitae to Chairman, Search Committee, 
Department of Anesthesiology, University 
of Minnesota, 420 Delaware Street SE, Min- 
neapolis, MN 55455. 


The University of Minnesota is an equal 
opportunity educator and employer. 
639D 


STAFF MDA 
Need ASAP or 7/91. Midwest Metro, 399 
beds, BE/BC. Includes heart-OB-pain. Re- 
laxed, excellent work/living environment. 
Send CV to A.M.I., P.O. Box 2153, Shaw- 
nee Mission, KS 66201. 

640D/F 


MISSOURI B 
Anesthesiologist BC/BE needed for MD/ 
CRNA team in a 370-bed regiona! referral 
center. No OB. Competitive salary and 
benefits. Please send resume to 210 East 
Weaver Road, Springfield, MO 65810. (417) 
882-5555. 

641D 





MOUNTAIN SOUTHWEST 
Anesthesia care team in level II trauma 
center seeks anesthesiologists and CRNAs 
for full-time and part-time positions. Reply 
in confidence to Box 642D/F. 

642D/F 


MAINE 
Anesthesiologist needed to join five-anes- 
thesiologists, 10-CRNA group doing wide 
range of surgeries at two community hos- 
pitals. No open heart. Picturesque central 
Maine location near lakes, mountains, and 
ocean. Referral area of 75,000+. Competi- 
tive compensation package. Contact Jill 
Gilbert at (207) 872-1136 or send CV to 
Waterville Anesthesia Associates, 44 Main 
Street, Waterville, ME 04901. 

643D/G 





CALIFORNIA 
Santa Clara Valley Medical Center, a 600- 
bed acute care hospital, affiliated with The 
Stanford University Medical School, is 
seeking BC/BE anesthesiologists to fill an 
expanding all-physician department. Com- 
petitive salary and fringe benefits commen- 
surate with training and experience. Inter- 
ested parties should send their CV and the 
names of three references to James B. 
Patka, MD, Chairman, Department of An- 
esthesiology, Santa Clara Valley Medical 
Center, 751 South Bascom Avenue, San 
Jose, CA 95118. 

644D 


MICHIGAN 

Expanding surgery load results in opening 
of attractive permanent position for BC/BE 
“Team Player” in four-person fee-for-ser- 
vice practice in friendly four-season recre- 
ational, lakeside community. Share call and 


3800 cases annually at 174-bed hospital. 
Little OB, no OH or Neuro. Send inquiries 
and CV to Stephanie Riemer, Mercy Hos- 
pital, 400 Hobart Street, Cadillac, MI 49601, 
or call (616) 779-7404. 

645D/F 


ANESTHESIOLOGIST 
Excellent opportunity for BC anesthesiolo- 
gist or BE if resident. University-affiliated 
teaching hospital. Quality, responsive, co- 
hesive medical staff. General anesthesiol- 
ogy, some neuro, no hearts. 80%-90% 
same-day surgeries. Adding new OB ser- 
vice. Must be comfortable working with 
CRNAs and have excellent communication 
and technical skills. Call 1:6. Excellent com- 
pensation, incentive, and benefits. Mid- 
western city with quality lifestyle and out- 
standing recreational activities. For details 
send CV or call Carol Paule, Cejka & Co., 
222 South Central, Suite 700, St. Louis, MO 
63105; 1-800-765-3055. 

651D 





ANESTHESIOLOGIST 
Department of Anesthesiology at the 
SUNY Health Science Center in Syracuse, 
N.Y. is recruiting faculty at the instructor 
and assistant and associate professor lev- 
els, Qualified individuals with a strong 
academic commitment in all types of anes- 
thesia, critical care, and pain management 
are sought. SUNY Health Science Center is 
a tertiary care center and provides clinical 
services also to the Syracuse Veterans Ad- 
ministration Hospital. Rank and salary are 
commensurate with experience. Must be 
board certified or board eligible and pos- 
sess a New York State medical license. 
Please send letter, curriculum vitae, names, 
addresses, and phone numbers of three 
references to Enrico M. Camporesi, MD, 
Professor and Chairman, Department of 
Anesthesiology, SUNY Health Science 
Center, Syracuse, N.Y. 13210. The State 
University of New York Health Science 
Center is an Equal Opportunity/AA em- 
ployer. 

652D/F 


Anesthesiologist with experience and ex- 
pertise in acute and chronic pain manage- 
ment is sought to establish a pain manage- 
ment service for both inpatients and 
outpatients. Ours is a large group practice 
in the mountains of the southeastern U.S. 
Compensation and benefits will be com- 
mensurate with training, experience, and 
board certification. Reply to Box 653D/G. 
653D/G 


CALIFORNIA 

The UCLA Department of Anesthesiology 
is searching for a faculty person with expe- 
rience in ophthalmologic anesthesia to be 
Chief of the Ophthalmologic Anesthesia 





Division. Candidates are required to show 
evidence or promise of research productiv- 
ity and scholarly writing. Other requisites 
include clinical and teaching skills, commit- 
ment to discovery, eligibility for a Califor- 
nia medical license, ABA certification. 
Address correspondence with names of 
five references and curriculum vitae to 
Thomas M. Grove, MD, PhD, Department 
of Anesthesiology, UCLA School of Medi- 
cine, Los Angeles, CA 90024-1778. UCLA is 
an Affirmative Action, Equal Opportunity 
Employer. 

6540F 


NEW YORK 
Board-certified or board-eligible anesthesi- 
ologist with clinical, teaching, and research 
capabilities needed for a university-affil- 
iated VA Medical Center. All types of sur- 
gery except neuro and obstetrics. Salary 
based on experience. Federal fringe bene- 
fits package. Please contact by phone or 
send CV to Personnel Service, VA Medical 
Center, 3495 Bailey Avenue, Buffalo, NY 
14215; (716) 862-3643. Equal Opportunity 
Employer. Applicants are subject to ran- 
dom drug testing. 

655D 


ILLINOIS 
Anesthesiologist BC/BE sought for MD/ 
CRNA team at progressive 350-bed south- 
ern Illinois hospital which includes car- 
diothoracic. CV to Box 587AC. 

587ACD 





PAIN MANAGEMENT 
Excellent position for BE/BC anesthesiolo- 
gist with pain management fellowship or 
experience. Excellent pay, no call, no week- 
ends, 7-5 job, OR coverage available. Won- 
derful “cajun city,” close to New Orleans 
and Houston. Early partnership. Great fi- 
nancial potential. 1-318-468-4016. 

656DE 


UNIVERSITY OF PENNSYLVANIA 

Anesthesiology Research Training: Appli- 
cations are invited for 2 years full time in an 
NIH funded, Training for Anesthesia Re- 
search program. The specific program (and 
areas of training) is individually designed 
to meet the needs of each trainee and is 


usually a mix of course work and laboratory 
or clinical research activities. The research 
training is coordinated between the Depart- 
ment of Anesthesia and the chosen basic 
science field. For information write (include 
current CV) to Bryan E. Marshall, MD, 
FRCP, Director, Training for Anesthesia 
Research Program, 781 Dulles, Department 
of Anesthesia, Hospital of the University of 
Pennsylvania, 3400 Spruce Street, Philadel- 
phia, PA 19104. 

657D/F 


DANIEL & YEAGER LOCUM TENENS 
Daniel & Yeager is the only name you need 
for locum tenens. Anesthesia is our exclu- 
sive specialty, so you are assured of our 
undivided attention. Earn a premium in- 
come while eliminating administrative 
headaches and malpractice premiums, we 
cover it all. Call 1-800-955-1919 or write to 
PO Box 2065, Huntsville, AL 35804-2065. 
629C/H 





LOCUM TENENS 
Locum tenens anesthesiologists. Earn up to 
$200,000.00 per year. Don’t work for an 
agency. Work for yourself. For details, 
send name and address to Dr. Monroe, 
7035 Hwy 6 South, Suite #175-B, Houston, 
TX 77083. 

616C/F 


TUTORING FOR WRITTEN AND ORAL 
BOARD EXAMS: 
The unique feature of these tutorials is the 
small group size. The personalized format 
with a maximum of four students in a 
session allows your performance to be eval- 
uated throughout the session and permits 
you to raise questions for discussion. Tu- 
toring for the written and oral exams are 
given separately. The sessions are held in 
San Francisco and New York and are given 
in blocks of 3 days. FOR THE WRITTENS, 
essential test-taking skills are taught for 
dealing with multiple-choice questions. 
The basic sciences are stressed. FOR THE 
ORALS, mock orals are practiced using the 
guided case discussions which meet the 
Board’s stated objectives. All students will 
receive study programs for use following 
these sessions. CALL 415-321-1117. 
628C/H 
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J. STEPHENS MAYHUGH AND ASSOCIATES 
LOCUM TENENS ANESTHESIA SERVICES 
Providing top-quality CRNAs to meet your 
specific needs. Our CRNAs are screened to 
assure quality in performance as well as 
personal stability. License verification, cur- 
riculum vitae, references procured by us, 
AANA recertification, malpractice verifica- 
tion are supplied to you. Call 1-800-426- 
2349 any time. 

552L/E 





DON'T FAIL THE WRITTEN BOARDS/ITE 
New 1991 edition of practice questions (in- 
cluding past board remembered questions), 
answers, test-taking techniques, and more. 
We want to help you pass. Order the 
original, MEDTEXT call 1-800-695-6301 24 
hours a day. 

590A/F 





(800) FAST-GAS 
The number that hundreds of hospitals 
nationwide have called for permanent and 
temporary anesthesia services. The number 
that thousands of anesthesia professionals 
have called to secure permanent and tem- 
porary positions nationwide. Bay Area An- 
esthesia, Inc. 1-800-327-8427 for years of 
professional anesthesia service. 
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Dial 1-800/RENT-A-DOC 
For anesthesiologists and CRNAs. We can 
provide you with quality locum tenens 
services to meet your specific coverage 
needs. Or work locum tenens with us for a 
change in both your practice and your 
lifestyle. ReplaceMed * 1-0800/736-8236 * 
PO Box 640 * Michigan City, IN 46360. 
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A WEEKEND OF PRACTICE ORAL EXAMS 
Practice exams, not lectures. We are the 
original course in this format. 20 hours 
Category I CME credit, two board-certified 
instructors, 12 students maximum. Dallas, 
June 28-30. Call for later class dates in 
Denver, Detroit, and Tampa. ANESTHE- 
SIA EXAM REVIEW, 7128 Regents Park, 
Toledo, OH 43617 (419) 843-4480 or (813) 
394-8780. 
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SURGICAL 
PROCEDURES: 


Alfenta 


(alfentanil HCI) Injection 


For moment-to-moment 
control of stress responses 


THE ALFENTA 
ADVANTAGE 


RAPID ONSET 


Rapidly blocks sympathetic 
responses to induction 
and intubation q 


*As with all potent opioids, 
appropriate postoperative 
monitoring should be employed 
to ensure that adequate 
spontaneous breathing Is 
established and maintained. 


A 


SHORT DURATION | å 


The duration and degree of 
respiratory depression and 
increased alrway resistance 
usually Increase with dose, but 
have also been observed at 
lower doses. Because of the 
possibility of delayed respiratory 
depression, monitoring of the 
patient must continue well 
after surgery. 


Before prescribing, please consult complete prescribing information, of which the following is 
a brief summary. 





CAUTION: Federal Law Prohibits Dispensing Without Prescription 
DESCRIPTION: ALFENTA is a sterile, non-pyrogenic, preservative free aqueous solution containing alfentani 
hydrochloride Squmvaient to 500 pg per ml of alfentanil base for intravenous injection, The solution, which contains 
sodium chloride for isotonicity, has a pH range of 4.0-6.0. 
CONTRAINDICATIONS: ALFENTA (alfentanil hydrochloride) is contraindicated in patients with known hyper- 
sensitivity to the dru 
WARNINGS: ALFENTA SHOULD BE ADMINISTERED ONLY BY PERSONS SPECIFICALLY TRAINED IN THE USE OF 
INTRAVENOUS AND GENERAL ANESTHETIC AGENTS AND IN THE MANAGEMENT OF RESPIRATORY EFFECTS OF 
POTENT OPIOIDS. AN OPIOID ANTAGONIST, RESUSCITATIVE AND INTUBATION EQUIPMENT AND OXYGEN SHOULD 
BE READILY AVAILABLE. BECAUSE OF THE POSSIBILITY OF DELAYED RESPIRATORY DEPRESSION, MONITORING 
OF THE PATIENT MUST CONTINUE WELL AFTER SURGERY. ALFENTA (alfentanil hydrochloride) administered in 
initial dosages up to 20 pg/kg may cause skeletal muscle rigidity, parapar of the truncal muscles. The incidence 
and severity of muscle rigidity is usually dose-related. Administration of ALFENTA at anesthetic induction dosages 
(above 130 pg/kg) will consistently produce muscular rigidity with an immediate onset. The onset of muscular 
rigidity occurs earlier than with other opioids. ALFENTA may produce muscular rigidity that involves all skeletal 
muscles, including those of the neck and extremities. The incidence may be reduced by: 1) routine methods o 
administration of neuromuscular blocking agents for balanced opioid anesthesia; 2) administration of up to 1⁄s of the 
full paralyzing dose of a neuromuscular blocking agent just prior to administration of ALFENTA at dosages up to 
130 fig/kg; following loss of consciousness, a full paralyzing dose of a neuromuscular blocking agent should be 
administered; or 3) simultaneous administration of ALFENTA and a full paralyzing dose of a neuromuscular blocking 
avert when ALFENTA is used in rapidly administered anesthetic dosages (above 130 pg/kg). The neuromuscular 
blocking agent used should be appropriate for the patient's cardiovascular status, Adequate facilities should be 
available for postoperative monitoring and ventilation of patients administered ALFENTA. It is essential that these 
facilities be fully equipped to handle all degrees of respiratory depression. 
PRECAUTIONS: DELAYED RESPIRATORY DEPRESSION, RESPIRATORY ARREST, BRADYCARDIA, ASYSTOLE, 
a pe AND HYPOTENSION HAVE ALSO BEEN REPORTED. THEREFORE, VITAL SIGNS MUST BE MONITORED 
USLY. 
General: The initial dose of ALFENTA (alfentanil hydrochloride) should be appropriately reduced in elderly and 
debilitated patients. The effect of the initial dose should be considered in determining supplemental doses. In obese 
patients (more than 20% above ideal total body weight), the dosage of ALFENTA should be determined on the basis 
of lean body weight. In one clinical trial, the dose of ALFENTA required to produce anesthesia, as determined b 
appearance of delta waves in EEG, was 40% lower in geriatric patients than that needed in healthy young patients 
In patients with compromised liver function and in geriatric patients, the plasma clearance of ALFENTA may be 
reduced and postoperative recovery may be POND Induction doses of ALFENTA should be administered slowly 
(over three minutes). Administration may produce loss of vascular tone and hypotension. Consideration should be 
given to fluid replacement prior to induction. Ere rs, administered immediately prior to or in conjunction with 
high doses of ALFENTA may produce vasodilation, hypotension and result in delayed recovery. Bradycardia produced 
by ALFENTA may be treated with atropine. Severe bradycardia and asystole have been successfully treated wit 
atropine and conventional resuscitative methods. The hemodynamic effects of a particular muscle relaxant and'the 
degree of skeletal muscle relaxation required should be considered in the selection of a neuromuscular blocking 
agent, Following an anesthetic induction dose of ALFENTA, requirements for volatile inhalation anesthetics or 
ALFENTA infusion are reduced by 30 to 50% for the first hour of maintenance. Administration of ALFENTA intusion 
should be discontinued at leas 10-15 minutes prior to the end of surgery. Respiratory depression caused by opioid 
analgesics can be reversed by opioid antagonists such as naloxone. Because the duration of respiratory depression 
produced by ALFENTA may last longer than the duration of the opioid antagonist action, appropriate surveillance 
should be maintained. As with all potent opioids, profound analgesia is accompanied by respiratory depression and 
diminished sensitivity to CO; stimulation which may persist into or recur in the postoperative period. Intraoperative 
hyperventilation may further alter postoperative response to C0. Appropriate postoperative monitoring should be 
employed, particularly after infusions and large doses of ALFENTA, to ensure that adequate spontaneous breathing 
is established and maintained in the absence of stimulation prior to discharging the patient from the recovery area 
Head Injuries: ALFENTA may obscure the clinical course of patients with head injuries. 
Impaired Respiration; ALFENTA should be used with caution in patients with pulmonary disease, decreased 
respiratory reserve or potentially compromised respiration. In such patients, opioids may additionally decrease 
respiratory drive and increase airway resistance. During anesthesia, this can be managed by assisted or controlled 
respiration. . 
impaired Hepatic or Renal Function: In patients with liver or kidney dystunction, ALFENTA should be 
administered with caution due to the importance of these organs in the metabolism and excretion of ALFENTA 
Drug Interactions: Both the magnitude and duration of central nervous system and cardiovascular effects may 
be enhanced when ALFENTA is administered in combination with other CNS depressants such as barbitur: 
tranquilizers, opioids, or inhalation general anesthetics. Postoperative respiratory depression may be enhanced or 
pangad by these agents. In such cases of combined treatment, the dose of one or Poth agents should be reduced. 
imited clinical experience indicates that requirements for volatile inhalation anesthetics are reduced by 30 to 50% 
for the first sixty (60) minutes following ALFENTA induction. The concomitant use of erythromycin with ALFENTA 
can significantly inhibit ALFENTA clearance and may increase the risk of prolonged or delayed respiratory depression. 
Perioperative administration of drugs affecting hepatic blood flow or enzyme function may reduce plasma clearance 
and prolong poeni 
Carcinogenesis, Mutagenesis and Impairment of Fertility: No long-term animal studies of ALFENTA have 
been performed to evaluate carcinogenic potential. The micronucleus test in female rats and the dominant lethal 
test in female and male mice revealed that single intravenous doses of ALFENTA as high as 20 mg/kg (approximately 
40 times the upper human dose) produced no structural chromosome mutations or induction of dominant lethal 
mutations. The Ames Saa diet el metabolic activating test also revealed no mutagenic activity. 
Pregnancy Category C: ALFENTA has been shown to have an embryocidal effect in rats and rabbits when given 
in doses 2.5 times the upper human dose for a period of 10 days to over 30 days. These effects could have been due 
to maternal toxicity (decreased food consumption with increased mortality) following prolonged administration o! 
the drug. No evidence of teratogenic effects has been observed after administration of ALFENTA in rats or rabbits. 
There are no adequate and well-controlled studies in pregnant women. ALFENTA should be used during pregnancy 
only if the potential benefit justifies the potential risk to the fetus. 
Labor and Delivery: There are insufficient data to support the use of ALFENTA in labor and delivery. Placental 
transfer of the drug has been reported; therefore, use in labor and delivery is not recommended. 





Results in quick recovery 
of consciousness* 


RAPID RECOVERY &) 


Postoperative respiratory 
depression is of short 
duration* 





Nursing Mothers: In one study of nine women undergoing post-partum tubal ligation, significant levels of 
ALFENTA were detected in colostrum four hours after administration of 60 g/kg of ALFENTA, with no detectable 
levels present after 28 hours. Caution should be exercised when ALFENTA is administered to a nursing woman, 
Pediatric Use: Adequate data to support the use of ALFENTA in children under 12 years of age are not presently 
available. 

ADVERSE REACTIONS: The most common adverse reactions, respiratory depression and skeletal muscle rigidity, 
are extensions of known pharmacological effects of opioids. See CLINICAL PHARMACOLOGY, WARNINGS and 
PRECAUTIONS on the management of respiratory depression and skeletal muscle rigidity. Delayed reeplralory 
depression, animoy arrest, bradycardia, asystole, arrhythmias and hypotension have also been reported. The 
reported incidences of adverse reactions listed in the following table are derived from controlled and open clinical 
trials involving 1183 patients, of whom 785 received ALFENTA. The controlled trials involved treatment comparisons 
with fentanyl, thiopental sodium, enflurane, saline placebo and halothane. Incidences are based on disturbing and 
nondisturbing adverse reactions reported. The comparative incidence of certain side effects is influenced by the 
type of use, eg., chest wall rigidity has a higher reported incidence in clinical trials of alfentanil induction, and by 
the type of surgery, e.g., nausea and vomiting have a higher incidence in patients undergoing gynecologic surgery. 





ALFENTA onan Thiopental Sodium Enflurane Halothane Saline Placebo” 
) 





Percent (N=785) (N=24; (N=66) (N=55) (N=18) (N=18) 
Gastrointestinal 
Nausea 28 44 14 5 0 22 
Vomiting 18 31 11 9 13 17 
Cardiovascular 
Bradycardia 14 7 8 0 0 0 
Tachycardia 12 12 39 36 31 11 
Hypotension 10 8 f 7 0 0 
Hypertension 18 13 30 20 6 0 
Arrhythmia 2 2 5 4 6 0 
Musculoskeletal 
Chest Wall 17 12 0 0 0 0 
Rigidity 
Skeletal Muscle 6 2 6 2 0 0 
Movements 
Respiratory 
Apnea 7 0 0 0 0 0 
Postoperative 2 2 0 0 0 0 
Respiratory 
Depression 
CNS 
Dizziness 3 5 0 0 0 0 
Sleepiness/ 2 8 2 0 0 6 
Postoperative 
Sedation 
Biurred Vision 2 2 0 0 0 0 


“From two clinical trials, one involving supplemented balanced barbiturate / nitrous oxide anesthesia and one in 


healthy volunteers who did not undergo surgery. 


In addition, other adverse reactions less frequently reported (1% or less) were: Laryngospasm, bronchospasm, 
postoperative confusion, headache, shivering, postoperative euphoria, hypercarbia, pain on injection, urticaria, and 
itching. Some degree of skeletal muscle rigidity should be expected with induction doses of ALFENTA 

DRUG ABUSE AND DEPENDENCE: ALFENTA (alfentanil hydrochloride) is a Schedule II controlled drug substance 
that can produce drug dependence of the morphine type and therefore has the potential for being abused. 
OVERDOSAGE: Overdosage would be manifested by extension of the pharmacological actions of ALFENTA 
(alfentanil hydrochloride) (see CLINICAL PHARMACOLOGY) as with other potent opioid apaga No experience of 
overdosage with ALFENTA was reported durig clinical trials. The intravengus LDso of ALFENTA is 43.0-50.9 mg/kg 
in rats, 72.2-73.6 mg/kg in mice, 71.8-84,9 mg/kg in’guinea pigs and 59.5-87.5 mg/kg in dogs. Intravenous adminis- 
tration of an opioid antagonist such as naloxone should be employed as a specific antidote to manage respiratory 
depression. The duration of tespiratory depression following overdosage with ALFENTA may be longer than the 
duration of action of the opioid antagonist. Administration of an opioid antagonist should not preclude immediate 
establishment øf a patent airway, administration of oxygen, and assisted or controlled ventilation as indicated for 
hypoventilation or apnea. If respiratory depression is associated with muscular rigidity a neuromuscular blocking 
agent may be required to facilitate assisted or controlled ventilation. Intravenous fluids and vasoactive agents may 
be required to manage hemodynamic instability. 

DOSAGE AND ADMINISTRA ION: The dosage of ALFENTA (alfentanil hydrochloride) should be individualized in 
each patient according to body wail physical status, underlying pathological condition, use of other ead and 
type and duration of surgical procedure and anesthesia. In obese patients (more than 20% above ideal total body 
weight), the dosage of ALFENTA should be determined on the basis of lean body weight. The dose of ALFENTA 
should be reduced in elderly or debilitated patients (see PRECAUTIONS). Vital signs should be monitored routinely. 
Protect from light. Store at room temperature 15°-30° C (59°-86° F) 
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